ENCE 


APRIL 10, 1953 


VOLUME 117 NUMBER 3041 
Contents 

Summary of 1952 Elastomer Conference, Gordon Research 

Conferences: J. D. D’lanni 367 

A Diseussion of Photosynthesis: Sterling B. Hendricks B10 

News and Notes 374 


Technical Papers 
On an Equation Specifying Equilibrium Populations: C. C. Li ... 378 
The Reaction of Diazonium Salts with Aleohols: Nathan Kornblum 


and Alec FE. Kelley 379 
Biosynthesis of Estrone and 6-Estradiol in the Perfused Ovary: 
Nicholas T. Werthessen, Erwin Schwenk, and Cyril Baker ............. 380 


Structural and Energy Relationships in the Formation of Lron 
and Aluminum Oxides, Hydroxides, and Silicates: T. Tamura 
and M. L. Jackson 381 


Substrate Competition between Procaine and Suecinylcholine 


Diiodide for Plasma Cholinesterase: Francis F. Foldes et al. 383 

Effects of Ferrie Chloride and Bile on Plasma Cholesterol 

and Atherosclerosis in the Cholesterol-fed Bird: 

M. D. Siperstein, C. W. Nichols, Jr., and L. Chaikeo ff 386 
Comments and Communications 

Photoperiodicity in Animals: The Role ef Darkness: 

John Hammond, Jr., C. M. Kirkpatrick, and A. C. Leopold cocoon 389 

The Languages of the Language of Science: Robert J. Howerton 

and Charles E. Diss 391 

Baule-Mitscherlich Limiting Factor Equation: Jacob Verduin 392 

Fluoridation of Water: Victor FE. Caruso 392 
Book Reviews 

The Chemistry and Physiology of the Nucleus: V. T. Bowen, Ed. 

Reviewed by Michael Webb 393 

Sir James Jeans: A Biography: E. A. Milne. Reviewed by 

D. ter Haar 394 
The Study of Child Development 3 
Publications Received 10 
Meetings & Conferences 12 


AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


Re 
AS 
—~ 
4 
an 
Ww Qs 
| AN 
BR 
Founded ¢ 
{ 


mOre than 
a mere instrument = 
a completely integrated 


System for 


histologic preparation 


AUTOTECHNICON 5) 


TECHNICON TECHNICON These are the elements of 
HISTOLOGIC REAGENTS 6) microsuide the Autotechnicon histologic 

processing system... each a 

TECHNICON TECHNICON notable technical contribu- 
PIPETTE WASHER ' MICROSCOPE LAMP = tion toward making the work 

of the pathological labora- 


4) ll 8) ag tory easier, with better, surer 
> results. 


THE TECHNICON COMPANY 
215 East 149th Street, New York 51, N. Y. *’ 


— 
J 
> 
_ 
[ 
Ne _ 
TH 
Shae 
+ 
ne 
ra 
{ 
4 


Here is an ingenious device that simulates 

hand stirring and provides a wide variety of 
agitation with improved distribution, particularly 
around the bottom periphery of a flask. It is 
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The Study of Child 
Development 


HE philosophy—as well as the purpose—of the 

study of child development may be summed up 
as follows: A well-born and a well-reared child is a 
community asset; anything less is a liability. There 
are two basic concepts here that are complementary. 
“Well-born” means that it should be the birthright of 
every child to come into the world as free as pos- 
sible of heritable taint and congenital defect. “Well- 
reared” means that it should be the privilege of every 
child to grow up under the best possible environ- 
mental conditions. If the child’s biogenetic endowment 
is sound, then it should be nourished in the fertile 
soils of human love and cultural richness. The realiza- 
tion of this vision entails the study of the whole bio- 
behavioral child in the entire context of his familio- 
cultural milieu. We may paraphrase: “A sound un- 
folding mind in a sound growing body”—to which we 
might add, “in a sound and stable environment.” 

It has been said that we grow, we grow up, we 
grow older. In more conerete terms this implies in- 
erease in size, change in proportion, and organic ma- 
turation. In a very real sense, therefore, the study 
of the entire process must embrace the realms of 
morphology, physiology, biochemistry, and endocri- 
nology. This effectively covers the biological side of 
the picture. The behavioral side must include the edu- 
eative process and social and psychological aspects in 
the broadest possible manner. The concept “the growth 
of the whole child,’ as commonly stated, embraces 
consideration of every possible variable in and of the 
growing period, roughly the first two decades of life. 

There is one thing common in assessing these vari- 
ables: they must be quantified; i.e., they must be 
measured or be made measurable. In this process of 
multimeasuring there are five aims: (1) to ascertain 
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status, at any one time; (2) to evaluate progress be- 
tween two or more periods of time; (3) to compare 
either status or progress to standards for age and sex 
peers; (4) to fit the child’s growth into the potential 
inherited in family-line background; (5) to add all 
this up to a final analytic interpretation of the indi- 
vidual pattern. In basic principle, although we study 
hundreds of children, we ultimately focus upon one 
child at a time, especially if this growth is of clinical 
concern, 

We have discarded the old idea of extensive cross- 
sectional norms or averages (100 boys and girls at 
birth, 100 at one year, at two years, and so on). In- 
stead, we take a sample for a much more intensive 
serial or longitudinal analysis. We march with them 
in time, year after year. The averages we derive are, 
in reality, the expression of so many individual paths 
of growth. An important result of this approach has 
been to free the individual child from the slavish ad- 
herence to arbitrary height-weight standards, or other 
rigid norms of bodily development. Thus we no longer 
force the child to walk the straight and narrow path 
of the mean; rather, we permit him to saunter, as his 
own growth potential will, along the broad highway 
of an acceptable range of variability. For stature and 
weight, for example, we have adopted the principle 
of fitting the individual child into a family line of tall, 
medium, or short; heavy, medium, or light—feeling 
that the child will almost invariably reflect an in- 
herited height-weight trend. 

One final word must be said: we are studying nor- 
mal, healthy children in our long-term programs. We 
are studying them from every possible biological and 
cultural angle, putting the results together for one 
common goal: that tomorrow’s children may have life 
more abundantly, because we are learning from to- 
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J. Speed Rogers 
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Summary of 1952 Elastomer Conference, 
Gordon Research Conferences’ 


J. D. D’Ianni 
Research and Development Division, The Goodyear Tire & Rubber Company, Akron, Obio 


N Elastomer Conference was held at Colby 
Junior College, New London, New Hamp- 
shire, June 30-July 4, as part of the 1952 


the AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 
Science. J. D. D’Ianni served as chairman, and M. 
Morton (Akron University) as vice-chairman. The 
program consisted of the presentation of a series of 
formal papers, followed by discussion led by selected 
participants. Fields covered were: emulsion polymeri- 
zation, physical properties of latex, dynamic proper- 
ties of rubber, crystallization phenomena and struc- 
tural effects, chemistry of vulcanization, and degrada- 
tion studies. Discussion leaders included W. V. Smith 
(U. 8. Rubber), J. A. Davison (U. 8. Rubber), H. L. 
Williams (Polymer Corporation), J. A. Yanko (B. 
F. Goodrich), J. Rehner, Jr. (Esso Laboratories), R. 
Buchdahl (Monsanto), A. W. Meyer (U. S. Rubber), 
A. M. Bueche (General Electric), D. Craig (B. F. 
Goodrich), C. M. Doede (Connecticut Hard Rubber), 
and J. O. Cole (Goodyear). The ensuing brief report 
of the significant results discussed at this conference 
is based largely on the exact wordage of summaries 
kindly supplied by each speaker. 

Two papers were presented in the field of emulsion 
polymerization. E. J. Meehan (University of Minne- 
sota) described new redox systems for the emulsion 
copolymerization of butadiene and styrene. One of 
the new systems makes use of the reaction between 
chromium (VI) and arsenic (III) in slightly alkaline 
(soap) medium to produce free radicals that initiate 
polymerization. This system is suitable for use at tem- 
peratures of 20°-40° C. Other new redox systems, 
developed for use at temperatures around 0° C, make 
use of the reaction between an iron (II) complex and 
an organic hydroperoxide to produce free radicals. 
The concentration of iron (II) in the system is main- 
tained at a suitable value by the addition of a reduc- 
ing agent, which continually reduces the iron (III) 
formed in the rapid reaction of iron (II) with the 
hydroperoxide. Hydrazine and sodium sulfide were 
found suitable reductants when ethylene diamine tet- 
racetate was the complexing agent for iron. Studies 
on the mechanism of initiation of emulsion polymeri- 
zation by persulfate were also reviewed and discussed. 

1 Work discussed. herein by E. J. Meehan, M. Morton, S. H. 
Maron, T. W. DeWitt, R. M. Pierson, W. 8. Richardson, H. E. 
Adams, and I. Auerbach was performed as part of research 
projects sponsored by the Reconstruction Finance Corpora- 


tion, Office of Synthetic Rubber, in connection with the gov- 
ernment synthetic rubber program. 
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M. Morton, in polymerization studies with chloro- 
prene, found that the soap micelles are not the only 


- important locus of formation of particles. Both the 
Gordon Research Conferences sponsored by” 


aqueous phase and the oil-water interface appear 
capable of initiating polymer particles, as evidenced 
by the marked effect of agitation on the polymeriza- 
tion rate. The presence of these additional loci of 
polymerization appears to be due to the exceptional 
reactivity of this monomer rather than to its solu- 
bility in water, which is relatively low. 

In the symposium on the physical properties of 
latex, E. G. Cockbain (British Rubber Producers’ Re- 
search Association) stated that the mechanism of the 
reversible aggregation of latex and synthetic emul- 
sion particles depends on the nature of the adsorbed 
film stabilizer. If this is a soap or synthetic detergent, 
adsorption is no longer monomolecular when the soap 
concentration in the aqueous phase is appreciably 
greater than the critical micellar concentration. A sec- 
ondary adsorbed layer of soap or detergent is be- 
lieved to be formed, with the hydrocarbon chains 
oriented toward the aqueous phase, thereby rendering 
the surface of the disperse phase hydrophobic and 
causing aggregation. In systems stabilized by proteins, 
the pH and the ionic strength of the aqueous phase 
are the main factors controlling particle aggregation. 
In the presence of soaps or proteins and an additional 
hydrophilic colloid such as sodium alginate, secondary 
adsorption of the hydrophilic colloid probably occurs, 
leading to an interlinking of particles of the disperse 
phase. 

The coalescence of latex or synthetic emulsion par- 
ticles on heating in the presence of an organic heat- 
sensitizing agent such as polyvinylmethyl ether de- 
pends on both the interfacial activity and the nega- 
tive temperature coefficient of solubility of the ether. 
Adsorption of the sensitizing agent on the rubber par- 
ticles appears to be necessary for effective heat sensi- 
tization. To prevent the preferential adsorption of 
fatty acid soaps present in latex, the interfacial ac- 
tivity of the soaps may be reduced by a lowering of 
pH, addition of polyvalent cations, or similar means. 
Organic heat-sensitizing agents other than polyvinyl- 
methyl ether were described, including the polyoxy- 
ethyleneoxypropylene diols. Suitable agents of this 
class show considerable promise as heat-sensitizing 
agents for natural latex. 

The second paper on latex, by 8S. H. Maron (Case 
Institute of Technology), was a summary paper on 
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“Determination of Synthetic Latex Particle Size and 
its Distribution.” The methods for particle size deter- 
mination discussed were electron microscopy, soap 
titration, and light scattering, in which were included 
dissymmetry, wavelength exponent variation, and min- 
imum intensity of seattering. Each method was con- 
sidered from the standpoint of the experimental tech- 
niques involved and its advantages and limitations. 
Maron also gave a procedure by means of which 
it is possible to determine the particle size distribu- 
tion of a latex from suitable differential creaming data. 

The next topic for discussion was “Dynamic Prop- 
erties—Effect of Molecular Weight and other Param- 
eters.” The first paper, entitled “Shear Dynamics in 
the Rubbery State,” was presented by I. L. Hopkins 
(Bell Telephone Laboratories). T. W. DeWitt (Mel- 
lon Institute) summarized “Some Dynamic Studies on 
Fractions of Diene Polymers.” A major objective of 
this program was the study of the relation between 
the structure and physical properties of synthetic 
elastomers. The response of the rubber to slow alter- 
nating stresses (0.0005-0.5 eps) was used as the basis 
of comparison. Insofar as possible, fractiens of ap- 
proximately the same molecular weight (200,000) were 
used in an effort to eliminate the effect of molecular 
weight and molecular weight distribution. 

Four materials were surveyed for their behavior 
over a wide temperature range (— 60° C to + 100° C) 
and at several frequencies. Two polybutadienes, one 
prepared at 5° C and one at 50° C, and two butadiene- 
styrene copolymers, one with about 27 per cent styrene 
and one with about 15 per cent styrene, both prepared 
at 5° C, were thus studied. A very brief survey in the 
neighborhood of room temperature was also made of 
polybutadiene prepared at - 20° C. The outstanding 
differences between these materials are found in the 
low temperature region. The temperature of maximum 
loss—and most rapid rise in modulus—is higher, the 
higher the styrene content. Crystallization, which oc- 
eurs with the 5° C and - 20° C polybutadiene, is ac- 
companied by a decrease in the loss and an increase 
in the modulus—a relationship the reverse of that 
usually encountered. 

Surprisingly enough, the three polybutadienes and 
two butadiene-styrene copolymers show little differ- 
ence in their behavior at room temperature. For two 
of the polybutadienes fractions of different molecular 
weights were studied. Increased molecular weight Jeads 
to a decrease in loss and an increase in modulus. The 
effect of molecular weight appears to be at least as 
great as that of structural differences in the room tem- 
perature region. A comparison of these data with 
somewhat more complete data for high molecular 
weight polyisobutylene shows the somewhat unex- 
pected result that, in the region of room temperature, 
this material has a much lower loss factor. A poly- 
isobutylene of about the same molecular weight but 
an appreciably lower modulus is not strikingly dif- 
ferent in loss factor from the diene polymers studied. 
Natural rubber was not studied, but data from the 


literature indicate that it is similar to high molecular 
weight polyisobutylene in its room temperature be- 
havior. 

R. M. Pierson (Goodyear) described some recent 
work correlating free-end fraction and resilience. 
Elastomer networks, the free-end fractions of which 
were varied over wide limits, were composed as to 
dynamic properties, particularly resilience. The free- 


2 
end fraction, Wat was manipulated by varying 


either Mc, the molecular weight between cross-links, 
or Mn, the primary number average molecular weight. 
Dynamic resilience properties of each of the elasto- 
mers studied—principally “cold” GR-S and natural 
rubber—dropped markedly as the free-end fraction 
was increased above 10-15%. Since practical process- 
ing techniques require operation within rather narrow 
limits of the weight average molecular weight, Mw, 
the desirability of utilizing polymers of low ratios of 
Mw/Mn (narrow distribution) for maximum resili- 
ence properties was brought out. 

The first paper in the section on crystallization phe- 
nomena and structural effects was by W. B. Reynolds 
(Phillips Petroleum) on “Hydrogenated Polymers.” 
Hydrogenation of synthetic elastomers, such as poly- 
butadiene and copolymers of butadiene with various 
vinyl compounds, produees a group of thermoplastic 
resins possessing interesting properties. These mate- 
rials resemble polyethylene but are generally more 
flexible, particularly at very low temperatures. For 
example, hydrogenated polybutadiene can be struck 
sharply at -—100° F without shattering, and is not 
brittle (even though extremely hard) at liquid nitro- 
gen temperatures. 

Hydrogenation can be carried to various stages, de- 
pending upon the properties desired. For most plastic 
applications an unsaturation of 5-30 per cent of the 
original is desirable. Higher unsaturations increase the 
ability of the products to undergo vulcanization. Some 
of the more important potential applications for hy- 
drogenated polymers are in wire and cable coating, 
films, tubing, and various molded items. These hydro- 
genated high polymers are now in the development 
stage in a program that has been supported in part 
by the Office of the Quartermaster General. 

W. 8S. Richardson (Mellon Institute) summarized 
“The Influence of Polymerization Conditions on the 
Structure of Diene Polymers,” reviewing the micro- 
structure of polyisoprenes and polybutadienes pre- 
pared in bulk and emulsion systems between — 20° and 
100° C. The general features of the structure of alkali 
metal and alfin polymers were also briefly mentioned. 
New work was reported on three groups of polymers: 
polymers prepared in bulk between room temperature 
and about 300° C, polymers prepared at room tem- 
perature in bulk under high hydrostatic pressures, and 
polymers prepared between - 80° C and + 40° C in 
solution using Friedel-Crafts catalysts. 

The resulting polymer structures as obtained from 
infrared spectra show that, as the preparation tem- 
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perature is raised, the polybutadienes tend toward 
roughly equal cis- and trans-concentrations (40 per 
cent), the 1,2 addition concentration remaining about 
20 per cent, as it is in lower temperature preparations. 
In the ease of the polyisoprenes, the cis- 1,4 addition 
increases only up to 100°-125° C and then decreases 
gradually for higher temperatures. The 3,4 addition 
remains sensibly constant over the whole temperature 
range, but the 1,2 addition decreases at higher tem- 
peratures, being almost absent at 300° C. It is not 
known whether this means the 1,2 addition is not 
formed at higher temperatures or whether it is formed 
and subsequently used up in some side reaction. 

Polyisoprenes and polybutadienes were prepared at 
about 5000, 8000, and 10,000 atmospheres. As far as 
structure is concerned, there appears to be little varia- 
tion over this rather limited pressure range. The poly- 
isoprenes are roughly comparable to atmospheric pres- 
sure polymers prepared at lower temperatures (— 20° 
C). This does not seem to be true of the polybuta- 
dienes, which are more nearly comparable to slightly 
higher-temperature, atmospheric-pressure polymers as 
far as 1,2 and trans- 1,4 additions are concerned. 
Since we do not analyze for cis- 1,4 addition in the 
polybutadienes, it is not clear whether the remainder 
of these polymers is composed of cis- 1,4 addition or 
whether there are other types of structures (cyclics, 
ete.) present. 

Cationic polymers of polybutadiene and polyiso- 
prene were prepared at room temperatures, - 30° C, 
and — 80° C, in solution using various Friedel-Crafts 
catalysts (BF;, SnCl,, and AICl,). Although some 
linear addition is present in these polymers, they show 
generally a lack of unsaturation varying between 20 
and 80 per cent. Within the linear polymer present, 
the distribution among external and internal types of 
additions appears to be similar to the free radical— 
type polymers. Two other papers in this section were 
presented by F. M. Rugg (Bakelite Division, UCC), 
on “Infrared Structural Studies of Polyethylene and 
Changes on Oxidation,” and by M. L. Dannis (B. F. 
Goodrich), on “Plasticizers for Polyvinyl Chloride.” 

Three papers were included in a comprehensive and 
lively discussion of the “Chemistry of Vulcanization.” 
B. C. Barton (U. S. Rubber) discussed “Mechanism of 
Sulfur Vuleanization of Rubber.” In the accelerated 
reaction of sulfur with rubber, the yield of cross-links 
is dependent on the time and temperature of vul- 
eanization and on the concentration of sulfur, accel- 
erator, zine oxide, and fatty acid. When the conditions 
necessary for the maximum yield of cross-links per 
unit of combined sulfur are met, a linear relationship 
exists between the number of cross-links and both 
combined sulfur and zine sulfide formed in the vul- 
eanization reaction. 

Calculations based on the Wall equation relating 
equilibrium modulus to number of cross-links suggest 
that, when the conditions for a maximum yield of 
cross-links are met, one molecule of zine sulfide is pro- 
duced for each cross-link formed. The reactivity of 
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various alkyl and alkylene and mono- and disulfides 
with natural rubber indicates that two types of re- 
version occur in natural rubber vuleanizates. The most 
common type occurs rapidly at normal euring tem- 
peratures and is due to rupture of alkylene disulfide 
cross-links. 

H. E. Adams (Firestone) reported that the eross- 
linking of natural rubber vuleanizates, prepared by 
Captax accelerated sulfur cures, is directly propor- 
tional to the amount of soluble zine present at a con- 
stant sulfur level. One cross-link is formed for each 
zine atom added and every two sulfur atoms that com- 
bine with the rubber. Zine sulfide is produced in the 
degradation reaction that destroys the cross-linking. 
I. Auerbach (Goodyear) discussed the mechanism by 
which mereaptobenzothiazole (MBT) accelerates vul- 
canization. Its course in the vuleanization process was 
followed by tagging it with radioactive sulfur. It was 
found that the zine mereaptide of MBT is the initial 
product and that this compound reacts with sulfur in 
the presence of rubber to remove a hydrogen from 
the rubber and regenerate MBT. The rubber in this 
active form reacts with sulfur to produce a cross- 
linked polymer. 

Diseussion of “Degradation Studies” was initiated 
by R. Simha (New York University) with a detailed 
examination of the “Free Radical Mechanism of Deg- 
radation,” followed by E. G. Cockbain’s report of 
W. F. Watson’s work on “The Cold Mastication of 
Rubber.” The degradation whereby rubber is plasti- 
cized by cold-milling depends on an initial rupture of 
the rubber hydrocarbon into polymeric free radicals 
by the applied shearing forces. These free radicals re- 
combine under nitrogen, a fact that explains the long- 
known observation of no plasticizing in an inert at- 
mosphere. Oxygen readily attacks these free radicals 
and changes the eventual termination into a reaction 
not involving combination of polymeric radicals. The 
anomalous negative temperature coefficient of plasti- 
cization by cold-milling is explicable by the increas- 
ing viscosity and, hence, applied shear. The mechan- 
ism is critically tested by milling in nitrogen after 
addition of compounds likely to function, as does 
oxygen, by interfering with the secondary recombina- 
tion after the primary mechanical scission. Forty- 
seven substances are listed as competing with recom- 
bination with varying efficiency, from mercaptans as 
effective as oxygen to substances, such as phenol, with 
only a detectable action. A similar mechanism applies 
to the cold-milling of synthetic rubbers. With certain 
substances, such as maleic anhydride and chloranil, 
the eventual radical termination involves the rubber 
molecules, giving branched or cross-linked rubbers. 

The probable allylic structure of the radicals formed 
by rupture and their chemical activity toward the 
added compounds were discussed. The factors in- 
fluencing efficient mastication, the function of peptiz- 
ers, and degradation under other types of rapid de- 
formation were considered according to the mechani- 
eal-rupture mechanism. 
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The program was concluded by a study of the “Oxi- 
dation of Neoprene,” as reported by E. K. Gladding 
(Du Pont), who stated that oxidation of poly-2-chloro- 
butadiene (neoprene) and poly-2,3-dichlorobutadiene 
is accompanied by the formation of peroxidie mate- 
rials, carbonyl compounds, acids, and acid chlorides. 
The acid chloride function is a characteristic oxidation 
product of these chlorine-substituted polymers, and 


experiments with model compounds show that it is 
formed from a configuration equivalent tu two ad- 
jacent monomer units of the polymer. The colored 
products that form during neoprene oxidation are be- 
lieved to consist of structures that can arise through 
polymerization (followed by elimination of HCl), of 
B-chloro-a, 6-unsaturated carbonyl, or carboxylic acid 
intermediates formed by oxidation. 


A Discussion of Photosynthesis 


Sterling B. Hendricks 


Division of Soil Management and Irrigation, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, USDA, Beltsville, Maryland 


SPECTS OF PHOTOSYNTHESIS from the 
initial absorption of light to the ultimate 
syntheses were scrutinized by some 80 re- 
search workers of many scientific disciplines 

at Gatlinburg, Tennessee, October 29-November 1, 
1952.1 The free discussion that was encouraged at this 
meeting yielded many clues for further study of the 
photosynthetic process. 

Light utilized in photosynthesis is absorbed by the 
several chlorophylls and bacteriochlorophylls, and by 
open chain tetraphyrolles and carotenoids of various 
organisms. The absorbed energy is transferred be- 
tween molecules of these pigments, as determined by 
the molecular structures and permitted by the organi- 
zation of the pigments in the grana. The energy is 
used to effect the chemical transfer of hydrogen from 
some molecule, such as water, to unidentified primary 
acceptors. The acceptors then transfer hydrogen to 
compounds formed during carbon dioxide fixation, 
probably both by known and still unknown enzymatic 
systems, 

Energy level systems for porphins and tetrahydro- 
porphins were considered as a basis for discussion of 
the spectroscopic properties of related, but less sym- 
metrical, chlorophylls that are effective in photosyn- 
thesis (J. R. Platt, University of Chicago). Such mole- 
cules have a triplet level of energy lower than the first 
excited singlet level that gives rise to fluorescence 
emission. This triplet level, having a long life of the 
order of 10~ seconds, is responsible for photochemical 

+The conference was supported by the National Science 
Foundation, the Office of Naval Research, and the Atomic 
Energy Commission. This report combines summaries for in- 
dividual sessions, which were prepared by R. S. Livingston 
(University of Minnesota), E. Rabinowitch (University of 
Illinois), C. 8S. French (Carnegie Institution of Washington), 
F. Daniels (University of Wisconsin), B. Kok (Wageningen 
University), and M. Kamen (Washington University), who 
served as chairmen. Discussions were introduced by J. R. 
Platt (University of Chicago), BE. C. Wassink (Wageningen 
University), R. Hill (University of Cambridge), M. Calvin 
(University of California, Berkeley), F. 8S. Brackett (Na- 


tional Institutes of Health), and H. Gaffron (University of 
Chicago). 
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reactions. The separation between those two levels 
determines how much of the energy of the absorbed 
light is degraded and, therefore, is not available for 
chemical activation in photosynthesis. Unfortunately, 
no direct calculation of this separation is available. 
Estimates, based on the measured values for the levels 
of several other compounds, however, indicate that the 
quantity might be as small as 5-10 keal. for chloro- 
phyll (M. Kasha, Florida State University; Platt). 
Another singlet level may lie very close to the 
fluorescent level, but transitions between the former 
and the ground level are not observed, since they 
would be of the forbidden N-II type. If such a level 
lies between the fluorescent singlet level and the low- 
est triplet level, radiationless transitions between the 
two would be facilitated and fluorescence weakened. 
Attention next turned to some reversible photo- 
chemical changes of chlorophyll, which are probably 
related to the primary acts of photochemical reactions 
sensitized by chlorophyll in vitro and possibly of 
photosynthesis. It is known that the red absorption 
of oxygen-free solutions of chlorophyll in methanol 
is reduced when such solutions are illuminated with 
intense, visible light. When the light is extinguished, 
the solution very quickly returns to its original color. 
Experiments were described in which chlorophyll 
was dissolved in a rigid solvent, at liquid-nitrogen 
temperatures (H. Linschitz, Syracuse University). 
Under these circumstances the color change was much 
more marked, but the time required for the dark re- 
versal of the photochemical process was too short to 
measure. If certain quinones were added, the photo- 
product was stable so long as the solvent remained 
rigid. If the solution was warmed, the original color 
of the chlorophyll returned instantly when the solvent 
glass melted. The absorption of the labile photo- 
product of chlorophyll was much less than that of 
normal chlorophyll in the red and blue but had a 
marked maximum in the green. This photochemical 
reaction is possibly an oxidation of the chlorophyll 
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resulting in formation of a semiquinone and of a 
corresponding oxidized chlorophyll radical. 

Results of some recent experiments, in which solu- 
tions of chlorophyll in methanol were illuminated at 
room temperature with an intense light flash of short 
duration, were described (R. 8. Livingston, University 
of Minnesota). The course of the back reaction that 
takes place in darkness was followed by the use of a 
photomultiplier and an oscilloscope. Analysis of data 
obtained by this method indicated that at least two 
different photolabile products are formed at com- 
parable concentrations by the flash. One of these dis- 
appears by a first order reaction, or by a self-quench- 
ing process, with a half-life of almost 3 x 10 seconds, 
and reforms the normal molecule. About 20 per cent 
of the primary product forms a second labile product 
which has a spectrum similar to that observed in the 
rigid solvent at low temperatures. This product is 
probably a radical formed by a reaction of the pri- 
mary product with a molecule of the solvent, since 
it reforms chlorophyll by a second order reaction. 

The observation made by Krasnovskii that chlo- 
rophyll, when dissolved in liquid pyridine, is photo- 
reduced by ascorbic acid has been verified (A. S. 
Holt, University of Illinois). Chlorophyll can be re- 
formed in darkness from this reduction product by 
the addition of suitable oxidizing agents. The absorp- 
tion spectrum of the reduced chlorophyll is similar to 
that of the reversible oxidation product of chlorophyll 
by quinones. Both resemble the absorption spectrum 
of “brown phase” of the Molisch phase test of chlo- 
rophyll. 

The action spectra of fluorescence reveal the trans- 
fer of excitation energy between the several photo- 
synthetic pigments ending in the pigment with the 
lowest excitation level (HE. C. Wassink, Wageningen 
University). Measurements of fluorescence intensity 
of chlorophyll in plants and of bacteriochlorophyll 
in purple bacteria were considered as means of 
tracing the excitation energy, after this energy has 
been concentrated in the pigment with the lowest 
excitation level. This concept, however, was vigorously 
challenged. The fate in terms of “energy transfer” 
to an unknown chemical system was considered as one 
in which the electronic excitation energy is con- 
verted into chemical energy—e.g., of an oxidation- 
reduction system. 

Recent experiments give new information about 
energy transfer between pigments. The action spectra 
of fluorescence in algae and purple bacteria demon- 
strate complete transfer of energy from chlorophyll 
b to chlorophyll a, and from the phyeobilins in red 
and blue-green algae to chlorophyll a, and from 
two forms of bacteriochlorophyll (absorption maxima 
at 8000 A and 8500 A) to a third form—bacterio- 
chlorophyll (8900 A) (T. M. N. Duysens, University 
of Utrecht). The energy transfer was found to be 
40 per cent effective between carotenoids and bac- 
teriochlorophyll in purple bacteria; complete between 
fueaxanthol and chlorophyll in brown algae; and only 
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about 20 per cent effective between carotenoids and 
chlorophyll in red algae. These results closely paral- 
lel those obtained in the study of the action spectra 
of photosynthesis, thus proving that the latter is 
brought about exclusively by the excitation energy 
of chlorophyll a or of bacteriochlorophyll (8900 A) 
(C. S. French, Carnegie Institution; Duysens). The 
most interesting result is that this rule remains true 
even in those red or blue-green algae where a large 
part of chlorophyll a seems to be ineffective in pro- 
ducing either fluorescence or photosynthesis. In algae 
of this type, the energy absorbed by the red and 
blue pigments seems to be transferred to the small 
part of chlorophyll a that is present in fluorescent 
and photosynthetic form, but the larger part of 
chlorophyll a is useless because of contamination 
with a small amount of an unknown pigment— 
probably so-called chlorophyll d, which drains the 
excitation energy away and dissipates it through its 
own fluorescence. For some unknown reason, the 
contaminated chlorophyll a is unable to supply energy 
to the photosynthetic apparatus. 

Reactivation of “inactive” chlorophyll a in red 
algae takes place with prolonged illumination by 
red or blue light, and renewed loss of activity follows 
illumination by green light (C. Yokum, Harvard). 
Extremely weak chemiluminescence that follows 
photosynthesis has a spectrum similar to that of 
chlorophyll a fluorescence (W. A. Arnold, Oak Ridge 
National Laboratory). The fluorescence is emitted 
whether photosynthesis is brought about by light 
absorbed by chlorophyll a itself, or by light absorbed 
by phycoerythrin, again confirming that the former 
pigment is the only one closely associated with the 
photochemical process in photosynthesis. 

Absorption spectra of chlorophyll, bacteriochlo- 
rophyll, and their derivatives in microcrystalline 
form and in the form of monolayers on water give 
insight into the mechanism of energy transfer be- 
tween identical molecules (E. E. Jacobs, University 
of Illinois). The results were interpreted as indicating 
that resonance interaction between closely packed 
pigment molecules produces shifts of the red absorp- 
tion bands by 1500-2000cem-' toward longer waves. 
The “red shift” in monolayers was about 90 per 
cent of that in three-dimensional microcrystals, in- 
dicating preferential resonance energy transfer in one 
plane. In microcrystals, the shift was found to be a 
function of crystal dimensions, becoming “saturated” 
in erystals containing 10° molecules. Theoretical dis- 
cussions (H. Kallman, New York University, and 
others) showed that doubt remains as to the reli- 
ability of estimates of the extent of long-range 
transfer of energy between unlike molecules. 

Although unknown steps remain in the energy 
transfer, the photochemical reacting system of the 
plastids can be followed in vitro, as was first accom- 
plished by R. Hill (University of Cambridge) in 
1938. Hill reported that the reaction rate is increased 
by a protein fraction of the cytoplasm for which 
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a partial concentrating has been accomplished. Rates 
of oxygen evolution have now been obtained that 
approach the rate of photosynthesis in vivo. A 
cellular fraction that promotes a high initial rate of 
reaction, even at low light intensities, was described 
(R. W. Lumry, University of Utah). The removal 
of this fraction enhanced the stability of the plastid 
preparation. 

The lack of an induction period for the “Hill 
reaction” was shown by a methemoglobin reduction 
method that is free from the lags inherent in gas 
measurements (Hill). The properties of cytochrome 
f, present in plastids, and the possible participation 
of cytochrome f as an intermediate of photosynthesis 
were discussed. The hope is raised that the substance 
or chain of intermediates directly acted upon by 
energy transferred from chlorophyll a can be found. 

The rate of oxygen evolution in the “Hill reaction” 
was found (Lumry and J. D. Spikes, University of 
Utah) to vary with light intensity in the form of a 
rectangular hyperbola. Extrapolation to zero light 
intensity indicated that between 6.7 and 8.2 quanta 
are required for production of one oxygen molecule. 
These values are markedly lower than those recently 
reported with quinone by O. Warburg. 

That free radicals, such as HO, and OH, may 
take part in the early photoreactions was discussed 
(N. Uri, University of Chicago). These might be 
detected during photosynthesis by their catalytic 
effects on some polymerizations. 

Interpretation of oxidation-reduction potential 
measurements under nonequilibrium conditions was 
discussed (D. Goddard, University of Pennsylvania; 
Rabinowitch, University of Illinois; and Uri). The 
way in which these measurements are widely used in 
biological work was challenged (Rabinowitch), and 
the confusion was traced to a failure to distinguish 
between the free energy change in a reaction, which 
determines the equilibrium, and a free energy of 
activation of an activated complex, which determines 
the rate. 

The organization of the plastids was illustrated by 
electron micrographs (S. Granick, Rockefeller In- 
stitute for Medical Research; and A. E. Vatter, 
University of Illinois). The course of the formation 
of grana in higher plants, their platelike shape, and 
organization in lamellae were very clear, as was the 
presence of a membrane. Permeability of the mem- 
brane to various organic compounds can be followed 
by osmotic swelling (L. R. Blinks, Hopkins Marine 
Station; and J. H. McClendon, University of 
Minnesota). 

The controversial subject of the minimum quantum 
requirement of photosynthesis was considered first 
from an experimental approach not dependent upon 
manometric measurements. A value of 6.5-8.0 
quanta/O, was shown to be a minimum over short 
time periods above light compensation for respiration 
in a uniformly illuminated suspension of unstirred 
Chlorella pyrenoidosa. High initial values were not 


372 


observed; instead, even under aerobic conditions, a 
brief induction period is noted during which the 
rate rises. In these experiments (F. 8. Brackett and 
R. Olsen, National Institutes of Health), oxygen was 
determined by a polarographic method that permitted 
measurements at intervals of 10 seconds. 

In measurement of quantum requirement a cor- 
rection has to be made for respiration, which itself 
might be influenced by light. A mass spectrographic 
method (A. H. Brown, University of Minnesota) 
making use of O'* indicated that respiration was not 
stimulated in the light. This mass-spectrographie 
method had a time resolution of about one minute, 
the order of that for manometric methods (Riley, 
National Institutes of Health). 

Polarographic measurements indicate systematic de- 
partures from monotonous changes in oxygen concen- 
tration during photosynthesis, similar to those of 
slower types found manometrically. These were elim- 
inated when glucose was present. Similar changes 
were evident when pH was followed with a time 
resolution of seconds in photosynthetic algae sus- 
pensions (Gaffron, University of Chicago). 

Measurements of minimum quantum requirements 
per oxygen molecule evolved by Warburg manometric 
methods still lead some investigators to results of 
4 quanta or less (Burk, National Institutes of Health) 
and other investigators to 8 or more quanta (Emer- 
son, University of Illinois). Thin algal suspensions 
and geometrically limited illumination are often, but 
not always, used by both groups of workers. Causes 
for differences in results apparently cannot be ac- 
counted for by intermittency of illumination or 
peculiarities of the algae. The report of marked 
effects upon algae of growth conditions, such as light 
intensity, however, might prove important (H. 
Tamiya, Tokugawa Institute). 

Evidence for a lower quantum requirement below 
compensation for respiration by light was discussed 
(B. Kok, Wageningen University). While no marked 
changes were found in respiration at compensation 
by mass spectrographie methods (Brown), the fluctu- 
ations observed polarographically are of an order to 
explain the effect (Brackett, Olsen). 

An initial photoreaction having a unit quantum 
requirement per molecule of oxygen was reported 
for Chlamydomonas moeweisii in carbonate buffer 
(pH 8.8), as well as for chlorella in acid medium 
(Burk). 

The over-all energy requirement for reduction of 
a mol of CO, to sugars by the photosynthetic system 
must be at least 184 keal. (Franck, University of 
Chicago). Since the energy available from the triplet 
level of chlorophyll a is probably less than 36 keal., 
at least 5 quanta/O, would be required. Fewer 
quanta might conceivably be required below com- 
pensation (or for short periods of time) if internal 
cycles existed for giving nonphoto-energy back into 
the CO, reduction (Franck; Kok; Strehler, Oak 
Ridge National Laboratory). The “Hill reaction,” 
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interestingly enough, might require only about 3.5 
quanta/O~ in the limit, since entropy changes in- 
volved in atomie rearrangements are minor (Franck). 

The course of carbon in photosynthesis is now 
understood in its major outline (Calvin, Benson, 
Bassham, et al., University of California). Current 
experimental interest is moving toward solutions of 
the kinetics for accumulation of various compounds. 
The general technique is to add C'*O, at zero time 
to a photosynthesizing system and to determine the 
course of appearance with time of radioactivity in 
each carbon atom of metabolic intermediates. A 
method was given for solving the linear differential 
equations involved as carbon appears in more and 
more complex compounds, as the carbon course 
branches into several products, and as parts of 
molecules recycle toward the initial reactions. 

Carbon first appears in the carboxyl group of 
phosphoglyceric acid PGA (Calvin et al.; Fager, 
University of Chicago). Since no probable two- 
carbon precursor of PGA has been: found, attention 
is now turning to the possibility that CO, enters 
by addition to a more complex molecule. Time- 
activity curves for C'* incorporation indicate that 
the carboxyl carbon of PGA appears in the #5C of 
sedoheptulose and the #3C of the pentose. These 
compounds appear to be recycled back for the PGA 
initially formed upon fixation of CO,. 

The distribution of carbon in intermediate meta- 
bolic stages is influenced by inhibitors such as 
phenylurethane and dinitrophenol (Burris, University 
of Wisconsin). These inhibitors lead to a striking 
decrease in the relative C’* content of PGA io that 
of alanine after 30 -seconds of photosynthesis. Se- 
quence of light and dark periods and other changes 
also influence the distribution of C'* from CO, in 
the metabolic pools (S. Aronoff, Iowa State College). 

Various approaches to the central problem of the 
mechanisms intervening between the light-absorption 
act and the appearance of reduced products of 
photosynthesis were considered (Gaffron). There are 
two broad assumptions: One holds’ that light absorp- 
tion leads to the formation of a specifie reductant 
unique to the photochemical system, with a unique 
reaction chain eventually coupling with the respira- 
tory metabolism. The other holds that a nonspecific 
process gives rise to a multiplicity of reductants not 
unique to the photie metabolism but coupled directly 
to typical respiratory reaction chains. 

Data presented may indicate that, during back 
reactions induced by photochemical oxygen, coupling 
with phosphorylation to form adenosine triphosphate 
and other forms of “high-energy” bonds occurs 
(Strehler). It is suggested that a number of quanta 
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could cooperate in this fashion to produce an ag- 
gregate of such compounds, which by dismutation 
could raise one or more substances to a potential 
capable of CO, reduction. A number of experimental 
studies showing light-stimulated esterification of 
phosphate were presented (Wassink), as also were 
data on the existence of a phosphatase in extracts 
from green leaf material that is somewhat inhibited 
by light (Tamiya). 

Experiments suggesting the existence of a new 
TPN-linked triose phosphate dehydrogenase were 
reported (D. Arnon, University of California). A 
partially purified preparation has been found to 
affect the apparent reversible oxidation of 3-phos- 
phoglyceraldehyde without addition of either phos- 
phate or arsenate. A number of alternative explana- 
tions, not involving the existence of a new enzyme, 
were developed in diseussions of this report (M. 
Gibbs, Brookhaven National Laboratory; R. S. 
Bandurski, California Institute of Technology; and 
B. Vennesland, University of Chieago). Further 
purification of the system will probably lead to 
clarification of the phenomenon involved. 

Data and experiments showing the versatility of 
the chloroplast suspensions in coupling reductively 
to a large variety of DPN- and TPN-linked systems 
while actively carrying out a “Hill reaction” were 
reviewed (W. Vishniac, Yale). The question of the 
significance of these observations on the nature of 
the natural hydrogen transfer system was considered 
(H. Gest, Western Reserve; S. Granick; E. Rabino- 
witch; and J. Rosenberg, University of Chicago). 
In this connection, the experiments attempting to 
isolate a protein fraction from the supernatant of 
centrifuged chloroplast suspensions which catalyzes 
the fixation of CO, in phosphoglycerate have been 
continued. As yet only small, albeit reproducible, 
fixations primarily in phosphoglycerate and phos- 
phopyruvate have been observed with the partially 
purified preparations when added to chloroplast 
suspensions otherwise inactive in fixation (E. Fager, 
University of Chicago). The fixations that are ob- 
served, at present, appear to be inhibited by TPN, 
DPN, and ATP. 

It was also reported that extracts of R. rubrum 
exhibit what is apparently the anaerobic analog to 
the “Hill reaction” of green plant extracts (Vernon, 
Kamen, Washington University). A light-sensitized 
oxidation of reduced cytochrome or indophenol ac- 
cords with the inference that the other end of the 
reaction involves liberation of H, or its equivalent. 
The extracts fail to show any reduction capacity at 
present, but further efforts are being made to search 
out the reducing substances expected to be formed. 
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News and Notes 


Scientists in the News 


Henry K. Beecher, Henry I. Dorr professor of re- 
search in anesthesia, Harvard University, has been 
appointed honorary consultant to the Navy Surgeon 
General. 


Detley W. Bronk has been elected corresponding 
member of the Académie des Sciences, Paris. 


Paul R. Burkholder, Eaton professor of botany at 
Yale University, and discoverer of the mold that con- 
tains chloromycetin, has received Dickinson College’s 
annual Joseph Priestley Memorial Award. 


Zencbio Cezero, of La Paz, Bolivia, recently visited 
the Atlantic Region Headquarters of the Topo- 
graphic Division, U. 8. Geological Survey. 


Ronald Fisher, professor of genetics at the Univer- 
sity of Cambridge, has arrived in Australia to con- 
sult with officers of the CSIRO Section of Mathe- 
matical Statistics and other research workers con- 
cerned with genetics and breeding investigations. He 
will visit several Australian cities, and deliver lectures 
to specialist audiences. 


Don E. Francke, chief pharmacist at University 
Hospital, Ann Arbor, has been named recipient of the 
1953 H. A. K. Whitney Lecture Award by the Michi- 
gan Society of Hospital Pharmacists, for contribu- 
tions to the practice of hospital pharmacy. 


O. H. Frankel, chief of CSIRO’s Division of Plant 
Industry, Canberra, has been elected a fellow of the 
Royal Society, London, in recognition of his contribu- 
tions to the theory of plant breeding. 


Philip H. Groggins, who recently retired after 26 
years with the Department of Agriculture and other 
federal agencies, has been appointed consulting editor 
of the Journal of Agricultural and Food Chemistry, 
a new publication of the American Chemical Society. 
Mr. Groggins will conduct a column called “The Ob- 
servation Post” for the biweekly journal, in which 
he will discuss timely subjects in agricultural and food 
chemistry. 


Fred G. Gronemeyer has been named assistant 
manager of the Chemstrand Corporation nylon plant 
under construction near Pensacola, Fla. Mr. Grone- 
meyer has been chief engineer of the Chemstrand 
nylon plant since its inception. 


Walter R. Hibbard, Jr., has been appointed manager 
of the newly established Alloy Studies Section in 
the General Electric Research Laboratory’s Metal- 
lurgy Research Department. Dr. Hibbard has been 
with GE since 1951. 


Alberto Hurtado, professor of pathological physi- 
ology, Faculty of Medicine, and research director, 
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Institute of Andean Biology, Lima, will give three 
lectures under the Edward K. Dunham Lectureship 
for the Promotion of the Medical Sciences, on “Natu- 
ral Acclimatization to High Altitudes.” The lectures 
will be given Apr. 21, 23, and 28, at the Harvard 
Medical School. 


Kurt Ladenburg, formerly director of research and 
development at Schenley Laboratories, Inc., has been 
appointed director of research, development, and en- 
gineering at the Nepera Chemical Company. 


Wingate A. Lambertson, of the Argonne National 
Laboratory staff, Chicago, has been named professor 
and research associate to the director of the Institute 
of Silicate Chemistry and Related Sciences, Univer- 
sity of Toledo. Arthur H. Black, assistant professor 
of chemistry, was named assistant to the director. 


Harold Lyons, research director of the National 
Bureau of Standards, was chosen to receive the annual 
award in the physical sciences, given by the Wash- 
ington Academy of Sciences, for the discovery of a 
clock based on the vibrations of atoms. 


Edward J. Massaglia has been appointed administra- 
tive vice president of all foreign trade subsidiaries 
of Chas. Pfizer & Co. Two other appointments were 
Preston B. McGoodwin, Jr., vice president of Pfizer 
Inter-American, 8. A., Laboratorios Pfizer, S. A., and 
Pfizer Canada, Ltd.; and John O. Teeter, vice presi- 
dent, Pfizer Overseas, Inec., and Pfizer, Ltd. 


Raymond C. Maude, formerly director of com- 
munications, Headquarters, USAF, has assumed com- 
mand of the Air Force Cambridge Research Center, 
Mass., a development and testing center of the Air 
Research and Development Command. 


John M. Miller, Naval Research Laboratory, Wash- 
ington, D. C., has received the Medal of Honor of the 
Institute of Radio Engineers, for his pioneering 
scientific and engineering, contributions. 


George A. Pierson, dean of students and professor 
of educational psychology at the University of Utah, 
has been appointed dean of students and director of 
student personnel at Queens College, effective July 1. 


J. Ben Robinson, for 29 years dean of the Balti- 
more College of Dental Surgery, University of Mary- 
land, has been appointed dean of the new School of 
Dentistry, West Virginia University, effective May 1. 


Howard John Shaughnessey, director of [Illinois 
State Public Health Laboratories, Chicago, will re- 
ceive the annual award of the Society of Illinois 
Bacteriologists for his contributions to bacteriology. 


Elwood B. Shirling, of Duke University, has been 
appointed assistant professor of botany at Ohio 
Wesleyan University, effective Sept. 1. 
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Ernest M. Weber, biochemist with Chas. Pfizer & 
Co. since 1942, has been appointed associate director 
of biochemical research and production. 


James H. Wickersham has been elected president 
of Lenox Hill Hospital, New York, to succeed Wil- 
liam H. Zinsser. Others elected were F. M. E. Schaefer, 
honorary vice president; George W. Hill, Jr., and 
Ethan A. Hitchcock, vice presidents; and George M. 
Schurman, treasurer. Jesse Knight was re-elected 
secretary. 


Donald H. Wilkins, of Park Rapids, Minn., a 
graduate student at the University of Illinois, has 
won a Merck Graduate Fellowship in Analytical 
Chemistry. Mr. Wilkins will continue his research at 
the university, where he is investigating the analysis 
of traces of metals that occur in plant and animal 
feeds. 


Harold H. Williams, of Cornell University, has re- 
ceived the Borden Award in Nutrition, in reeognition 
of his contributions on the vitamin components of 
human milk, and on nutritional and biochemical 
changes during lactation. Vincent du Vigneaud, of 
Cornell University Medical School, has received the 
Osborne and Mendel Award for work on the chemical 
structure, metabolic interrelations, and nutritional 
significance of essential dietary constituents. 


Edgar Barton Worthington, secretary general of 
the Scientific Council for Africa South of the Sahara, 
has arrived in New York City for a five weeks’ visit 
in the U. S. and Canada. Dr. Worthington coordi- 
nates the plans of six nations to raise the living 
standards of Africa through scientific development 
of resources. 


Education 


The University of Arkansas, in cooperation with the 
Arkansas Council of Teachers of Mathematics, will 
conduct a Workshop in Mathematics, July 13-15. 
Consultants will be Martha Hildebrandt, of Proviso 
Township High School, Maywood, IIl.; Maurice L. 
Hartung, of the University of Chicago; Christine 
Poindexter, of Little Rock; Virginia Sue Wilson, of 
the University of Arkansas. Inquiries should be ad- 
dressed to D. P. Richardson, at Fayetteville. 


The University of Arkansas School of Medicine is 
assured of the completion of its medical center in 
Little Rock by the recent action of the Arkansas 
General Assembly in allocating funds for the pur- 
pose. The first unit, a 450-bed teaching hospital and 
clinic, is under construction and will probably be 
finished in 1954. The entire center is expected to be 
completed in 1955. 


Carnegie Arctic Scholarships will be provided by the 
Carnegie Corporation of New York for the McGill 
Geography Summer School (Science, 117, 271 
[1953]). Twenty scholarships, each worth $100, will 
be awarded to residents in North America, and two of 
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$250 each to overseas residents. In the event of a large 
number of suitable applications, the number of 
scholarships may be increased. 


A Committee on Educational Television, supported 
by a grant of $25,000 from the Fund for Adult Edu- 
eation, will cooperate with the Joint Committee on 
Educational Television and the National Citizen’s 
Committee for Educational Television. John C. 
Adams, of Hofstra College, is committee chairman, 
and the other members are Frederick L. Hovde, Sam- 
uel T. Arnold, Edgar Fuller, David D. Henry, Fred- 
erick G. Hochwalt, Mark C. Schinnerer, and L. A. 
Wilson. 

The University of Cincinnati Graduate School of 
Arts and Sciences is planning a program of evening 
courses in the physical sciences, leading to the M.S. 
degree, beginning next September. Aeronautical, 
chemical, electrical, and mechanical engineering, 
chemistry, and physies will be offered. 


Cook County Graduate School of Medicine will give 
a special course in cerebral palsy, limited to physi- 
cians only, June 15-26, under the direction of M. A. 
Perlstein. Applications should be sent directly to the 
registrar, 707 S. Wood St., Chicago 12. 


Last April the Federal Communications Commission 
reserved 242 television channels for noncommercial 
educational television stations. No commercial appli- 
cations will be considered until July 1. Up to the pres- 
ent time only 23 applications have been filed with the 
commission, although groups of educators and citizens 
are working to secure funds and explore program 
resources. In the hope that the time limit might be ex- 
tended, the AAAS Board of Directors at its March 
16 meeting, instructed E. U. Condon to write to each 
of the seven members of the FCC, urging that edu- 
cational groups be given full opportunity after June 
30 to take up channels originally set aside for educa- 
tional purposes, so that “it will not be necessary for 
them to make precipitous decisions under undue pres- 
sures.” 


General Science Research Council in Denmark has 
distributed its first awards to Niels Bohr, Kaare 
Grgnbech, Dr. phil. Béggild, Ragnar Fj¢rtoft, Henrik 
Dam, Bengt Stromgren, Peter Skautrup, Niels Las- 
sen, and Ole Munck, and Johs. Moutgaard. A grant of 
D. kr. 40,000 was allotted to publication of a report 
of the Galathea expedition and a sum of about D. kr. 
100,000 was allocated for travel by many prominent 
Danish investigators for research of various kinds. 


The Nature Conservancy, through the generosity of 
Conrad Chapman, of Boston, is offering a $500 
scholarship for the year 1953-54 to candidates for the 
Ph.D. degree or its equivalent in a field that allows 
them to choose as a subject for the dissertation some 
aspect of the Relation of Human Population to 
Nature Conservation. Apply to the conservancy, 1840 
Mintwood Pl, N. W., Washington 9, D. C., before 
July 1. 
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In the Laboratories 


Battelle Memorial Institute has established a new 
technological information service for the preparation 
of bibliographies and coding and classification sys- 
tems. Where required, the institute will undertake 
development of information-processing equipment. 
The service is the outgrowth of Battelle’s experience 
in specific literature searching problems. 


A new nonprofit corporation, Protein Foundation, 
Incorporated, will hold and administer patents cover- 
ing important discoveries in the field of therapeutics 
and public health, will arrange for research and de- 
velopment work to make available laboratory dis- 
coveries of use to the medical profession, and will 
provide support for continuing basic research. 
Trustees of the foundation are Chester I. Barnard, 
James §. Adams, Detley W. Bronk, Paul Foster 
Clark, W. K. Jordan, William M. Rand, and James 
Norman White. 


Southwest Research Institute has opened building 
research laboratories in Princeton, N. J., following 
the decision of the John B. Pierce Foundation to 
concentrate its future activities in this field at its 
New Haven laboratories. Harry Tipper is supervisor 
of Southwest’s building research laboratories. 


Meetings and Elections 


A Conference on Instrumentation in Water, Sewage 
and Industrial Waste Treatment will be held at Man- 
hattan College, New York, May 14. The New York 
City Board of Water Supply and the Department of 
Public Works, with the cooperation of the Metro- 
politan Section of the Instrument Society of America 
and several companies in the instrument field, are 
sponsoring the meeting. Joseph McCabe, of the Man- 
hattan Civil Engineering Department, is in direct 
charge. 


The following have been appointed delegates to the 
International Commission of Optics, to be held in 
Madrid, Apr. 20-21: Brian O’Brien (chairman), 
Wallace R. Brode, and Deane B. Judd, voting dele- 
gates; Irvine C. Gardner, alternate; and Stanley S. 
Ballard, nonvoting delegate. 


Mississippi State College will celebrate its 75th anni- 
versary with a research symposium, Apr. 24-25, The 
following visitors will participate in the program: 
A. E. Ruark, G. A. Garratt, Frank J. Soday, F. O. 
Ringleb, H. N. Muller, Paul E. Klopsteg, Mace H. 
Bell, Kenneth R. Daniel, and Grover Loening. 


Miscellaneous 


The American Chemical Society has appointed the 
following new members to the advisory board of 
Chemical and Engineering News and Industrial and 
Engineering Chemistry: Harry L. Fisher, of the 
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University of Southern California, and ACS presi- 
dent-elect; John R. Bowman, of Mellon Institute; 
John T. Cox, Jr., of Washington, D. C.; Robert F, 
Marschner, of Standard Oil (Ind.); and William A. 
Pardee, of Gulf Research & Development Company. 


The Botanical Society of America has appointed a 
standing Committee on Education to continue to study 
the role and status of plant science and to promote 
improvement in the teaching of botany in American 
colleges and universities. It will advise and assist 
educational institutions in such matters, as well as on 
problems affecting the status of botany and botanists, 
Members of the committee are Sydney S. Greenfield, 
of Rutgers University, chairman; Harlan P. Banks, 
Vernon I. Cheadle, Ralph E. Cleland, Harriet B, 
Creighton, A. Orville Dahl, Victor A. Greulach, 
Irving W. Knobloch, and William C. Steere. The com- 
mittee would be glad to receive comments and sug- 
gestions. 


Underwritten by an anonymous gift of $52,500, the 
Benjamin Franklin Magazine Awards have been estab- 
lished at the University of Illinois. Eight annual 
awards will be given: for the most distinguished and 
meritorious public service during the year by an 
American magazine of general circulation, a gold 
medal and scroll, to be presented to the editor; for the 
most distinguished magazine writing involving or- 
iginal reporting in which serious obstacles had to be 
overcome, $1000 to the writer; and six other classi- 
fications carrying cash awards of $500 each. The pro- 
gram will be administered by a council, membership 
of which will include a representative of the public, 
representatives of the publishing and writing fields, 
and University of Illinois administrators. 


Recent visitors from abroad at the National Bureau 
of Standards included B. M. Singh, Banaras Hindu 
University, India; Ivor T. Minhinnick and Ronald J. 
Atkinson, Farnborough, Eng.; F. L. Stumpers, Eind- 
hoven, Netherlands; Jose Carvalho Alves da Costa, 
Portuguese West Africa; I. A. Shah, Lahore, Pak- 
istan; Juichi Osawa, Yujiro Degawa, Enji Naito, 
Masuo Naito, and Hideo Itokawa, Tokyo; Pavel M. 
Domicelj, I. Pernat, A. S. Adum, B. V. Bezjak, R. I. 
Rodin, and 8. M. Momeilovic, Yugoslavia; Ibrahim 
Abou Sinna, Cairo; and K. Y. Chen, Taiwan, For- 
mosa. 


New journals received: Agricultural Research, a 
magazine for agricultural leaders and workers. Pub- 
lication bimonthly until July, when it will be made a 
monthly; $1.00 per year from the GPO after July. 
...AO. Actualidades Odontolécicas. Bimonthly; 
Afio 1, No. 2, Nov.—Dee. 1952. Cr$ 30,00. Fdélha 
Odontolégica Editéra S. A., Sao Paulo, Brazil... . 
Comunicaciones del Instituto Tropical de Investiga- 
ciones Cientificas. Vol. 4, Oct. 1952. Universidad de El 
Salvador. . . . Corning Glassmaker, a new bimonthly 
publication of the Corning Glass Works, Corning, 
N. Y. Feb—Mar. 1953. . . . Civilté delle Macchine. 
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Bimonthly; Anno 1, No. 1, Jan. 1953 L. 2100 per year. 
Gruppe Industriale, Societ’ Finanziaria Meccanica 


“Finmeccanica,” Rome. . .. Field Reporter, Vol. I, 
No. 3, Nov.—Dee. 1952. Bimonthly, at $1.50 per year. 
Published by the Department of State, Washington, 
D. C., to provide information on educational, cultural, 
scientific, and technical phases of international co- 
operation. . . . Journal of the Anatomical Society of 
India, Vol. 1, No. 1, June 1952. Rs. 18 per year. 
Nilratan Sarkar Medical College, Caleutta.... 

Mathematical Journal of Okayama University, Vol. 1, 
Nos. 1-2, March 1952, in English, French, and Ger- 
man. The Department of Mathematies, Faculty of 
Science, will publish at least one volume yearly... . 
Prdctica Médica, Revista Mensual de Divulgacién 
Cientifiea Post-Universitaria. Segunda Epoca, Afio 1, 
No. 1, Jan. 1953. The universities of Madrid and 
Barcelona, Spain. . . . Revista Ecuatoriana de Ento- 
mologia y Parisitologia. Quarterly; Vol. I, No. 1, Jan. 
1953. 100 sucres per year. Centro Ecuatoriano de In- 
vestigaciones Entomolégicas, Guayaquil. .. . Vital 
Notes on Medical Periodicals. Vol. 1, No. 1, Oct. 1952, 
photostated. Florida State Board of Health, Jackson- 
ville. 


Princeton University Press took over the distribu- 
tion of books published by the National Bureau of 
Economic Research, as well as its book publishing ac- 
tivities, on April 1. The bureau will continue to 
distribute its books directly to its contributors and 
subseribers, but orders from distributors, booksellers, 
individuals, and other book buyers will be filled by 
Princeton University Press. 


Recent Deaths 


John R. Ball (71) geologist, Seattle, Mar. 1; Emil 
C. Barell (79), chemist, of F. Hoffmann-La Roche and 
Co., Ltd., Basel, Mar. 17; Benjamin S. Barringer (75), 
urological surgeon, New Canaan, Conn., Mar. 14; 
John H. Barrington (84), authority on yeast, South 
River, N. J., Mar. 5; Frederick ‘W. Bartlett (80), high 
vacuum expert, Chatham, Mass., Feb. 26; Charles E. 
Beury (73), educator, Philadelphia, Mar. 9; George J. 
Bischof (86), civil engineer, Brooklyn, N. Y., Feb. 25; 
Albert F. Burgess (79), entomologist, Brattleboro, Vt., 
Feb. 23; Allen T. Burns (77), social worker, Fort 
Myers, Fla., Mar. 9; Douglas H. Campbell (93), 
botanist, Palo Alto, Calif., Feb. 23; Thomas S. Cullen 
(84), gynecologist, Baltimore, Mar. 4; Charles G. 
Curtis (92), of New York, engineer and inventor, 
Central Islip, N. Y., Mar. 10; Wilhelm Czermak (63), 
Egyptologist, Vienna, Mar. 13; Marc Daniels (46), 
tuberculosis specialist, London, Mar. 3; T. Carroll 
Davis (71), ear, nose, and throat specialist, Philadel- 
phia, Mar. 5; Wray V. Drake (52), chemist, Whittier, 
Calif., Feb. 27; Theodore Bausch Drescher (58), vice- 
president, Bausch & Lomb Optical Co., Rochester, 
N. Y. Feb. 22. 

E. Van Norman Emery (62), psychoanalyst, St. 
Louis, Mar. 8; Grosvenor S. Farmer (103), physician, 
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Watertown, N. Y., Mar. 12; J. Wilson Furness (79), 
mining engineer, Asheville, N. C., Mar. 4; E. Noguera 
Gomez (74), chemist, Caracas, Mar. 12; Willard F. 
Greenwald (56), research consultant, Woodmere, 
N. Y., Feb. 27; Edwin B. Hart (78), biochemist, Madi- 
son, Wis., Mar. 12; George B. Haven (81), machine 
design engineer, Gilford, N. H., Mar. 6; Beatrice M. 
Hlinkle (78), psychoanalyst, New York, Feb. 28; 
Francis W. Hirst (79), economist, Singleton, Eng., 
Feb. 22; Muriel Ivimey (63), psychoanalyst, New 
York, Feb. 26; Sigvald Johannesson (75), civil engi- 
neer, Trenton, N. J., Feb. 22; D. Forbes Keith (—), 
refrigeration engineer, Fort Pierce, Fla., Mar. 10; 
Arthur Kenner (61), of Far Hills, N. J., electrical engi- 
neer, New York, Feb. 27; William L. Kennon (70), 
physicist and astronomer, Oxford, Miss., Dee. 4; Otto 
Kestner-Cohnheim (74), physiologist, Hamburg, Ger- 
many, Feb. 21; Robert Kotze (83), mining engineer, 
Capetown, 8. A., Mar. 15. 

Louis Launer (67), physician, Liberty, N. Y., Mar. 
10; James P. Lichtenberger (82), sociologist, Philadel- 
phia, Mar. 17; James W. McBain (70), chemist, Palo 
Alto, Calif., Mar. 12; Morris A. Mason (76), physi- 
cian, New York, Mar. 4; John D. Matheson (73), 
civil engineer, Hawthorne, N. Y., Feb. 26; Oliver F. 
Mershon (79), eye specialist, Philadelphia, Feb. 22; 
Howard C. Moloy (50), obstetrician and gynecologist, 
New York, Mar. 13; Austin Van Hoesen Mory (83), 
chemical engineer, Amherst, Mass., Feb. 22; Arthur 
R. Mosler (82), engineer and inventor, New York, 
Feb. 27; Elizabeth H. Muncie (87), surgeon, Great 
Neck, N. Y., Mar. 15; Holton V. V. Noyes (82), agri- 
culturist, Kenwood, N. Y., Mar. 16; Wendell Paddock 
(86), horticulturist, Columbus, Ohio, Feb. 19; John 
D. Paul (61), diabetes specialist, Philadelphia, Feb. 
23; Thomas I. Price (70), hospital medical superin- 
tendent, Asbury Park, N. J., Mar. 5; George R. Prout 
(53), atomie physicist, Schenectady, N. Y., Mar. 8. 

Garwood C. Richardson (56), obstetrician and 
gynecologist, Chicago, Mar. 4; Joseph Rotundo (45), 
economist, Schenectady, Mar. 9; Gordon A. Ryrie 
(52), authority on leprosy, Kirkealdy, Scotland, Mar. 
9; Max Scheer (69), of New York, dermatologist, 
Syracuse, N. Y., Mar. 1; Major G. Seelig (79), sur- 
geon, Atherton, Calif., Mar. 11; Hugh E. Setterfield 
(52), anatomist, Columbus, Ohio, Mar. 16; Jacob 
Skeer (60), dermatologist, Brooklyn, Mar. 11; O. L. 
Sponsler (73), botanist, Los Angeles, Mar. 14; Samuel 
Steiner (77), of Philadelphia, physician, Broomall, 
Pa. Mar. 13; Mortimer J. Stoddard (78), physician, 
Springfield, Mass., Feb. 22; Eliezer L. Sukenik (64), 
archaeologist, Jerusalem, Feb. 28; William E. Swift 
(82), civil engineer, Harwinton, Conn., Feb. 28; 
Jenoe E. Tausz (68), research chemist, Newark, N. J., 
Feb. 19; George H. Thompson (76), physician and 
surgeon, Pittsfield, Mass., Mar. 8; Albert B. Wells 
(80), former chairman of the board, American Opti- 
cal Co., San Diego, Mar. 3; Sergei N. Winogradsky 
(96), soil microbiologist, Brie-Comte-Robert, France, 
Feb. 24. 
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Technical Papers 


On an Equation Specifying 
Equilibrium Populations 


C. C. Li 


Department of Biostatistics, University of Pittsburgh, 
Pittsburgh, Pennsylvania 


Let x, 2y, and z be the proportions of AA, Aa, and 
aa, respectively, in a population, where «+ 2y+2=1. 
It is well known that in a large random-mating popu- 
lation «= p*, 2y=2pq, and z= q*, where p denotes the 
frequency of gene A and q=1-p denotes that of a 
in the population. Hence the equation 

(1) 
specifies all panmictic populations (in equilibrium). 
Any population may be represented by a point P 
inside an equilateral triangle XYZ (Fig. 1), letting 
a, 2y, and z be the perpendiculars from P to sides 
YZ, ZX, and XY, respectively; and 2y +z =alti- 
tude of the triangle, which we take as unity. Thus, the 
parabola (1) is the locus of points representing all 
panmictic populations (1). 

Now consider a population with an inbreeding co- 
efficient F' which is defined as the (product-moment) 
correlation coefficient between uniting gametes (2). 
Here, x= p* + Fpq=(1-F)p*+Fp, 2y=2(1-F)paq, 
and z=q°+Fpq=(1-F)q?+Fq. The parameter F is 
completely independent of the gene frequencies of a 
population. With any fixed value of F, the locus of 
these population points is obviously given by the 
parabola (1): 

+2) 
or 
(2) 

The primary purpose of this note is to put (1) 
and (2) in a new form which ean be generalized to 
the case of multiple alleles, and to reveal the biologi- 
eal meaning of these equations. We note that x is the 
proportion of gene A existing in homozygous con- 
dition, whereas the total frequency of A in the popu- 
lation is +y=p. Hence the proportion of A in 
homozygous condition among its total frequency is 
x/(a+y)=2/p. The above two equations of para- 
bola are equivalent to 


2 
— =-—+-=-l 
a”) 
and 
(2’) 


respectively. The new form (1’) shows that, in pan- 
mictic populations, the sum of the proportions of 
genes existing in homozygous conditions among their 
own respective total frequencies is unity. It will be 
seen that this is a general theorem applicable to mul- 
tiple alleles. When there is inbreeding in the popula- 
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Q x 


Fic. 1. The equations of the upper and lower parabolas 
are (1) and (2), respectively. Note that ZQ:QX=p:q along 
the base and that PP’: P’Q=F:1-F along the projection 
PQ. (Modified from Haldane and Moshinsky, 1939.) 


tion, the sum of such proportions will be in excess of 
unity by a mupltiple of F as shown in the following. It 
should also be noted that the second parabola (2’) 
cuts the perpendiculars PQ from the first parabola to 
the base, ZX, so that the ratio PP’ :P’Q=F :1-F 
(Fig. 1). 

With multiple alleles, A,, A.,..., A, of frequen- 
cies, - » Where =q=1, the zygotic propor- 
tions of a panmictic population are given by 


[=qi4i]}*= +23qiqj4 iAj J), 
and those of a population with inbreeding coefficient 
F are (3) 
=Z qi? + + 2(1-F) 
If we use x, to denote the proportion of homozygotes 


A,A, in the population, then the equations specifying 
the above two populations are, respectively, 


x 
3 
(3) 
F(k-1). (4) 
ia 


Their biological meaning is obvious. Note that q, is 
equal to x, plus half the proportion of all heterozy- 
gotes carrying A;. Letting 2a,; be the proportion of 
A,A,, then q; ay (all j ineluding 


With k alleles, there are K=k(k +1) /2 genotypes. 
Such a population may be represented, using homo- 
geneous coordinates as before, by a point P inside a 
regular simplex of (K —1)-dimensional space, letting 
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the perpendiculars from P to the K-bounding: flats 
represent the zygotic proportions ete., whose 
sum is unity. Eq. (3) or (4) defines the surface within 
the simplex on which all equilibrium population points 
lie. 

Eq. (4) also furnishes us a ready method of esti- 
mating F from random samples. Let ay and 2a, be 
the observed numbers of A,;A; and A;Aj;, n= ame (all 


j) and N= =n,, the total number of individuals in the 


sample. Our sample estimate of F is then 
1 ay, 


Gy 
f= 25, 


When k = 2, this estimate reduces to 


a a. 
fs: 


which is identical with 


-1, 


as given by Haldane (4) and Li (5). Other methods 
of estimating F will be discussed elsewhere. 
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The Reaction of Diazonium 
Salts with Alcohols 


Nathan Kornblum’ and Alec E. Kelley 


Departments of Chemistry, Purdue University, Lafayette, 
Indiana, and University College, London, England 


The most remarkable thing about this “well-known” 
reaction is that it continues to be completely misunder- 
stood in a great many quarters. Griess (1) in 1864 
reported that benzene diazonium sulfate or nitrate re- 
acts with ethanol to give benzene and acetaldehyde: 
Aryl—N,* X- + CH,CH,OH — 

Aryl—H + CH,CHO + N, + HX. 
This came to be regarded as a general reaction despite 
the fact that numerous examples of an alternative 
process, replacement of the —N,* by —OCH,CH,, 
were soon found: 
Aryl—N,*X- + CH,CH,OH — Aryl—OCH,CH, + N, + HX. 

In 1887, it was shown by Remsen and Orndorff (2) 
that Griess had been in error even in the case of ben- 
zene diazonium sulfate and nitrate. These react with 
ethanol to give phenetole contaminated with a little 
benzene. 

1 Fellow of the John Simon Guggenheim Memorial Founda- 


tion and the United States Educational Commission in the 
United Kingdom, 1952-53. 


April 10, 1953 


In 1901, Hantzsch and Jochem (3) made a very 
careful study of the action of absolute ethyl alcohol 
on benzene diazonium chloride and benzene diazonium 
sulfate. Confirming Remsen and Orndorff, they found 
that phenetole is the main product, along with a very 
small quantity of benzene; e.g. : 

C,H,—N,* Cl + CH,CH,OH — C,H,OCH,CH, + C,H, 

(61%) (5%) 
When they treated benzene diazonium salts with 
methyl aleohol the methyl ether (anisole) was formed 
in 70% yield; there was no evidence of benzene for- 
mation. Thus, with either ethanol or methanol, benzene 
diazonium salts give ethers as the major product. 

Despite the numerous demonstrations of the unre- 
liability of ethanol as a reagent for replacing the dia- 
zonium group by hydrogen, its use persisted. Cain (4), 
in 1909, reporting on the reaction of I with ethanol, 
was so confident that the product was nitrodurene, II, 
that he did not have it analyzed. Not until 1952 was 
it recognized that Cain’s “nitrodurene” was, in fact, 
the ether, ITT (5, 6). 


nd 0C.H, 
)\—CH, CH— H, H, 
cH,— H, CH— H, CH, __CH, 

NO, NO, NO, 

I II III 


(Special interest attaches to this case because nitro- 
durene was employed in an early test of the concept 
of steric inhibition of resonance; the sample used had 
been prepared according to Cain and was actually the 
ether, ITI.) 

In recent years the view that treatment of diazonium 
salts with ethyl aleohol results in replacement by hy- 
drogen has been given renewed importance by totally 
ineorrect statements concerning the course of the reac- 
tion of benzene diazonium chloride with ethyl alcohol. 
Ineredible as it may seem, the paper by Hantzsch and 
Jochem (3) is cited as the authority for these state- 
ments. Thus, a review (1937) reads: 

The reactions of benzene diazonium chioride with 
methyl and ethyl aleohols are to an appreciable extent 
qualitatively different, as shown by Hantzsch and 
Jochem: 

C,H,N.Cl + CH,OH — C,H,OCH, + N, + HCl 
C,H,N,Cl + CH,CH,OH — C,H, + CH,CHO + N, + HCL? 
Numerous statements made in subsequent years are 
even less guarded and are exemplified by the following 

excerpt from a well-known monograph (1949) : 

It had previously been shown by Hantzsch and Jochem 
that the reactions with methyl and ethyl alcohols take 
different paths. 

C,H,N,Cl + CH,OH — C,H,OCH, + N, + HCl 

C,H,N,Cl + CH,CH,OH — C,H, + CH,CHO + N, + HCL? 

*It would be invidious to give the references to these two 


quotations since they are but examples of a generalized situa- 
tion. 
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In 1944, a correct account of the reactions of dia- 
zonium salts with aleohols was published in Organic 
Reactions (7), but it has apparently been overlooked 
by the majority of those who have since discussed this 
reaction. 

In conclusion, two points should be emphasized: (1) 
ethyl alcohol is not, in general, dependable for re- 
placing diazonium groups by hydrogen (7); (2) re- 
duction with hypophosphorous acid is a reliable way 
to replace diazonium groups by hydrogen (7, 8). A 
second general method for replacing diazonium groups 
by hydrogen has just been described by Roe and Gra- 
ham (9). 
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Biosynthesis of Estrone and {-Estradiol 
in the Perfused Ovary* 


Nicholas T. Werthessen,? Erwin Schwenk, 
and Cyril Baker 


The Worcester Foundation for Experimental Biology, 
Shrewsbury, Massachusetts 


Zaffaroni, Hechter, and Pineus (1) found that the 
adrenal gland converts C**-labeled acetate into ad- 
renal hormones when it is perfused with a solution 
of this salt. Brady (2) showed that testis slices are 
capable of synthesizing testosterone from C**-acetate, 
and Savard, Dorfman, and Poutasse (3) demonstrated 
conversion of labeled acetate to testosterone and 
A*-androstene-3,17-dione in the perfusion of human 
testis. It therefore seemed interesting to investigate 
whether the ovary may synthesize estrone or B-estra- 
diol from the same starting material. 

The experiment was carried out by perfusing sow 
ovaries with sodium acetate labeled with C** in the 
carboxyl group. The technique, including radioactivity 
counts, and the apparatus were the same as described 
in an earlier investigation (4). 

Two perfusions of long duration were carried out 
with ovaries obtained from one pregnant and one non- 
pregnant sow. The animals each weighed about 200 
lb. Two thousand units of heparin were injected in- 
travenously before beginning the operation to obtain 

1 This work has been supported by grants from the Ameri- 
can Cancer Society, the Damon Runyon Fund, the U. 8S. Pub- 
lic Health Service (Grant No. C. 321), and the Schering 
Corporation. 


2 Present address : Southwest Foundation for Research and 
Education, San Antonio, Texas. 
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the ovaries. The large and small intestines were re- 
moved, and the aorta was litigated just below the 
origin of the ovarian arteries. The ovaries were freed 
of all adnexa. The aorta was then cut just above the 
origin of the ovarian arteries, and the entire specimen 
mounted in the perfusion apparatus. (As to the ap- 
paratus and procedure, cf. [4].) 

The first experiment was carried on for 44 hr. Dur- 
ing this time 1000 RU of gonadotrophin and 0.1125 
me of acetate labeled in the carboxyl group were 
added at 20 min, 9 hr, and 25 hr after circulation in 
the perfusion apparatus started. At the 9- and 25-hr 
intervals the perfusing medium was changed. The 
organ was without circulation for 30 min prior to be- 
ginning the perfusion. 

In the second experiment, which lasted 13 hr, one 
injection of 1200 RU of gonadotrophin and 0.225 me 
of labeled acetate was made 7 min after circulation 
was reinstated; the interruption of the cireulation 
lasted 21 min. 

The perfusion liquid in both experiments was a 
mixture of pig’s blood and White’s solution as de- 
scribed before (4). In each experiment the approxi- 
mate volume of perfusate charging the system was 
500 ml. 

The weight of the ovaries in the first experiment 
was 6.1 g, in the second, 3 g. In both instances the 
organ appeared to have been well circulated by the 
perfusion liquid. No gross response to the gonado- 
trophin was evident, but there was also no signifi- 
cant degeneration discernible. 

Extraction of the perfused ovaries. Immediately 
after the perfusion was terminated the mixture of 
ovaries and perfusion liquid was converted into a 
mash in a Waring Blendor. One third of the total vol- 
ume of chloroform was added and again blended for 
about 10 min. The homogenous mixture was centri- 
fuged at about 2000 rpm in the eold room. Three 
easily separable layers were formed; the lowest was 
a clear chloroform solution. The middle layer could 
be easily separated and consisted mostly of protein. 
This was stirred with acetone, and the acetone soln- 
tion was filtered from the insoluble residue, which was 
again treated with acetone. The combined acetone ex- 
tracts were evaporated to dryness and extracted with 
pentane. This solution was added to the chloroform 
layer. The uppermost layer from the centrifugation 
was a water solution which was extracted with chloro- 
form. This extract was also added to the main choloro- 
form portion. The combined extracts were then taken 
to dryness. The fatlike residue was boiled with meth- 
anol, and after cooling the clear methanol solution was 
decanted from the solid residue. This operation was 
repeated three times. The methanol extracts were 
evaporated to dryness and divided into two equal por- 
tions. 

a) Isolation of estrone. The first part of the meth- 
anol extract was dissolyed in about 10 ml methanol, 
and 200 mg of pure estrone was added and dissolved 
by warming. In the cold the estrone crystallized out 
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and was filtered. It was recrystallized from methanol, 
and then showed a mp of 264°-266° C (Stage) which 
was not changed by another crystallization from 
methanol. This fraction had a specific count of 5 epm/ 
mg.* All mother liquor material was dissolved in ether, 
and this solution was extracted with 5% alkali. The 
alkali extract was acidified and extracted with ether. 
The residue from the ether solution was distilled in 
high vacuum at a bath temperature of 120°-160° C, 
and the substance thus obtained was recrystallized 
twice from acetone. The melting points of the erystals 
were the same as above. The specifie count for this 
fraction was 3 epm/mg. 

b) Isolation of B-estradiol. The second portion of 
the methanol extract was dissolved in about 10 ml 
methanol, and 200 mg of B-estradiol (mp 172°-174°) 
was added. The material which crystallized out on 
cooling was crystalline but impure and could not be 
purified by further crystallization. It was recombined 
with the mother liquor and this mixture dissolved in 
ether, which was extracted with 5% KOH. The alka- 
line extract was acidified and extracted with ether. 
The residue from this ether solution was distilled in 
high vacuum at 120° bath temperature, and the mate- 
rial obtained was recrystallized from acetone, the erys- 
tals washed with cold ether and then recrystallized 
from acetone-hexane. The mother liquor was decanted 
from the erystals and these again crystallized from 
aqueous acetone. The crystals thus obtained sintered 
at 173° and melted at 177°-181° C (Stage). A fur- 
ther recrystallization from methanol gave a mp of 
176°-177° C. This fraction gave a specific count of 
3 epm/mg. 

c) Isolation of cholesterol. All mother liquor mate- 
rial in the second experiment was combined and boiled 
for 5 hr with 15 ml of a 10% solution of KOH in 
95% ethanol. This reaction mixture was extracted 
with pentane, which after evaporation gave a erys- 
talline residue of yellow color. It was treated with 
digitonin in the usual fashion, and the cholesterol 
was isolated from the digitonin complex. The specific 
count was 434 . Dibromination and reconversion gave 
a pure cholesterol which had a specific count of 75, 
thus showing the presence of higher counting com- 
panions (HCC) in the ernde cholesterol (5). 

The experiments here reported show that isolated 
surviving sow ovaries when perfused with sodium 
acetate labeled in the carboxyl group produce labeled 
estrone, B-estradiol, and cholesterol. Westerfeld et al. 
(6) many years ago isolated B-estradiol in substance 
from ovaries, and MacCorquodale et al. have secured 
the simultaneous presence of estrone by unmistakable 
reactions (7). Beall also observed the presence of both 
estrogens together in horse testes (8). 

Like the testis in the earlier investigation, the ovary 
produces C**-cholesterol simultaneously with the hor- 
mones. The experiments as described do not allow any 

* All counts in this investigation were made in a gas flow 


counter. For the preparation of the samples for counting com- 
pare (4). 
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conclusion as to whether the hormones are derived 
from this cholesterol, or whether cholesterol and the 
hormones are produced from a common precursor. 
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Structural and Energy Relationships in the 
Formation of Iron and Aluminum 
Oxides, Hydroxides, and Silicates* 


T. Tamura and M. L. Jackson 
Department of Soils, University of Wisconsin, Madison 


Iron and aluminum oxides, hydroxides, and silicates 
are of great importance in the mineral content and 
formation of soils and sediments. Their structural re- 
lationships, known from x-ray diffraction methods and 
bonding considerations, are shown herein to help ex- 
plain their occurrence. Recently, Ervin (1) considered 
the diaspore-corundum and boehmite-Al,O, systems, 
and he has shown that they are structurally related. 
Structural interrelationships with genesis ean be 
shown for iron and aluminum silicates, as well as for 
their oxides and hydroxides. These considerations, to- 
gether with energy changes, are summarized in Fig. 1. 
(Downward slope of arrows is indicative of ease of 
occurrence. ) 

In the aluminum system, dehydration of Al(OH), 
(gibbsite) results in the formation of AIOOH (boehm- 
ite, reaction f, Fig. 1). Dehydration may be aeccom- 
plished by increase of temperature or decrease of 
suspension pH. Milligan (2) has reported boehmite to 


? 


Fie, 1, Structural and energy relationships of iron and 
aluminum oxides, hydroxides, and silicates. (Downward slope 
of arrows indicative of ease of reaction occurrence.) 


2 This project was supported in part by the University Re- 
search Committee through a grant of funds from the Wis- 
consin Alumni Research Foundation. 
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be formed from solutions of pH below 6.5. In the 
alteration of gibbsite-boehmite colloid to kaolin, in the 
presence of silica solutions, 1 oxygen atom of a silica 
tetrahedron (4 oxygens coordinated by the 4-valent 
Si ion) is believed to replace a position left vacant 
in a gibbsite octahedron (6 oxygens coordinated by 
trivalent Al) on partial dehydration. The process con- 
tinues by entrance of silica solution between the hy- 
drogen-bonded crystal layers which form gibbsite 
erystals. Although the hexagonal network of silica 
tetrahedra would permit a complete replacement of 
the vacant oxygen positions to give a kaolin family 
erystal structure, this probably does not occur im- 
mediately, since the apical oxygens of silica may not 
at first be unidirectionally oriented. Incomplete bond- 
ing to both adjacent gibbsite crystal layers may at first 
give rise (reaction b) to an amorphous mineral, allo- 
phane, described by Ross and Kerr (3). Allophane is 
characterized by a high water content and is fre- 
quently associated with the kaolin family. Its high 
water content and the continuous removal of water 
as the temperature is raised from room temperature to 
900° C may be due to “trapped” water within the 
interlayer made up of a silica-alumina network, in 
contrast to water lost from between the well-organized 
1:1 layers of hydrated halloysite. Also, some of the 
interlayer surfaces of partially silicated Al(OH), are 
greatly exposed by expansion and would lose water 
at low temperature. Infrared absorption spectra of 
allophane have shown that it is not a mixture of 
alumina and silica (4). 

Allophane is visualized as forming kaolin on com- 
pletion of unidirectional bonding through alternate 
wetting and drying in an acid medium (reaction c). 
The transition of kaolin to the montmorin (mont- 
morillonite isomorphous series) structure (reaction e) 
is believed to be accomplished in the following way. 
Magnesium and iron can replace aluminum along the 
edges of the octahedral sheet of kaolin; in so doing, 
the larger size of the magnesium and iron atoms 
stretches the octahedra in which they are coordinated. 
Magnesium would further instabilize the hydroxyls by 
its divalence on substitution for a trivalent aluminum 
in dioctahedral silicates. Table 1 shows the decreased 
dehydration temperatures of the 2:1 layer silicates 
with different isomorphous substitution in the diocta- 
hedral layers. 

The data show that the 2 : 1 layer silicates decrease 
in thermal stability with increasing isomorphous sub- 
stitution. They further show that magnesium de- 
creases the dioctahedral stability nearly as much as 
iron, even though trioctahedral magnesium layer sili- 
eates (5) have a high dehydration temperature. In 
the kaolin minerals, there are four hydroxyls instead 
of the two present in 2 : 1 layer silicates. When mag- 
nesium substitutes for aluminum in kaolin, the hy- 
droxyls become less tightly bound; and in the pres- 
ence of silica in solution, the montmorin series of min- 
erals appears, from soil mineral colloid studies here, 
to result (reactions d and ¢). The occurrence of mag- 
nesium and silica in abundance in soils is usually lim- 
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TABLE 1 


DEHYDRATION TEMPERATURES OF DIOCTAHEDRAL 2 : 1 
LAYER SILICATES WITH DIFFERENT ISOMOR- 
PHOUS SUBSTITUTIONS 


Octahedral ions 
. = 
EED 
33 
as ass 48 
2.00 2.00 650 (4) 
1.61 — os 0.40 2.01 580 (6) 
1.48 0.14 = 39 2.01 560 (6) 
0.77 1.10 0.02 19 2.08 490 (7) 
0.11 1.91 0.02 0.04 2.08 440 (7) 


* The dehydration temperatures recorded are the approxi- 
mate midpoint in the integral thermal curves. 


ited to situations in which there is little leaching, and 
reactions d and e are thus the reverse of normal weath- 
ering (8). Such reactions have occurred in the dark 
magnesium soils of Hawaii, where magnesium and 
siliea, together with kaolin sediments, have been ear- 
ried into the valleys from adjacent mountains and 
formed montmorin. In a. latosol in the Dominican Re- 
public, antigorite (Mg-kaolin) has been found to have 
reverted in part to montmorin. 

Although boehmite (AlOOH) is formed by the de- 
hydration of gibbsite (reaction f), its iron analog 
lepidocrocite (FeQOH) is formed from the oxidation 
of ferrous compounds (reaction ¢). Crystalline 
Fe(OH),, the analog of gibbsite (and thus the natu- 
ral precursor of FeOQOH, by reaction L), has not yet 
been reported. The gibbsitelike layer structure of 
Fe(OH), reverts to lepidocrocite on oxidation and 
dehydration, a transformation identical to the gibb- 
site-boehmite transition except for the oxidation. 

Possible reasons for the instability of crystalline 
Fe(OH), in comparison with crystalline Al(OH), 
and Cr(OH), may be attributed to the influence of d 
electrons.? If the concept of resonance is applied, in- 
stability of Fe(OH), may be attributed to the absence 
of ionic-covalent resonance. One of the rules regard- 
ing resonance states that resonance can occur only 
among structures with the same number of unpaired 
electrons (9). Both aluminum and chromium are 
known to form crystalline hydroxides, and their elec- 
tronic structures are such as to permit resonance be- 
tween the ionic and covalent forms; the resonance 
energy helps to stabilize the structure. Trivalent iron 
has five unpaired 3d electrons in the ionic bond (e.g., 
FeF,- ~~) and one unpaired 3d electron in the covalent 
bond—e.g., Fe(CN),~ --—there can be no resonance 
between the two bond types. If the concept of polari- 
zation is applied, instability of Fe(OH), is accounted 
for by the increase of polarizing power of cations with 
increasing charge and increusing number of d elec- 
trons. The instability of Zn(OH), with respect to the 


2The d electron is an electron of a designated orbital 
energy range within a given electronic shell of an atom; in 
the case of iron atoms considered here, the 3d electrons occur 
in the M-shell, the latter being indicated by number 3. 
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Mg(OH),-type strueture has been explained on the 
basis of the high polarizing power of divalent zine 
which has ten 3d electrons (10). Trivalent aluminum 
exhibits the effect of polarization by directed hydroxyls 
in Al(OH), (11). Chromium with three 3d electrons 
is known to form Cr(OH),, but Cr(OH), is unstable 
even at room temperatures (2). It would seem reason- 
able to assume that Fe(OH), would be less stable than 
Cr(OH),, since ferrie iron has five 3d electrons. 

The change of Fe(OH), to the more stable partially 
dehydrated form (goethite, reaction p) occurs before 
crystalline Fe(OH), forms (reaction k). That goeth- 
ite may be more stable than lepidocrocite is shown by 
the dehydration temperatures of their respective Al 
analogs diaspore > boehmite (Fig. 1). The identical 
temperature recorded for the goethite and lepidocro- 
cite dehydrations (12) may be due to smaller particle 
size of goethite or other difficulties in the method of 
measurement. 

In the presence of silica, a ferrous mineral similar 
to allophane would be expected from Fe(OH), (re- 
action u). Thus far it has not been identified posi- 
tively, although exchange capacities of amorphous 
ferruginous soil colloids are at present being postu- 
lated at several laboratories. However, there are sev- 
eral crystalline iron 1:1 layer silicate minerals that 
are similar to kaolinite; the minerals cronstedite and 
greenalite are examples (reaction v). The trioctahedral 
nature of the iron in the mineral cronstedite suggests 
that cronstedite is formed from ferrous hydroxide. 
Hendricks (13) considers the octahedral iron of 
cronstedite as being due to the replacement of silicon 
by large ferric iron in the tetrahedral position, which 
allows the octahedra] layer to be “opened” up. In view 
of the transformation just considered, it would seem 
that the ferrous iron in the octahedral position opened 
up the structure, and this in turn allowed the ferric 
iron to enter into the tetrahedral position. This would 
be similar to the kaolin-montmorin transition, except 
that it would be expected to occur with a deficiency 
of silica and excess of ferrous iron in the environment. 
In greenalite there is a mixture of ferrous and ferric 
ions octahedrally coordinated, and silica presumably 
in tetrahedral coordination. It is formed in iron-rich 
environments, from iron silicates in iron ore deposits 
(14). 

When great excess of silica is present, the ferric 
member of the montmorin series can be formed as evi- 
denced by nontronite (reactions w and x), which typi- 
cally occurs embedded in a silica matrix. 

Franzen and Eyk van Voorthuysen (15) have ac- 
complished the synthesis of nickel layer silicates, which 
further emphasizes the importance of the hydroxyl 
layer structure such as in Ni(OH),., to formation of 
the corresponding layer silicates. Nickel and ferrous 
ions are similar in their electronic configuration, but 
both have lower polarizing power than the ferric ion. 

Although in the tropics there is an abundance of 
iron and aluminum oxides and hydroxides, layer sili- 
eates with iron are rare. This is due to the rapid oxi- 
dation of ferrous iron: to ferric, which gives rise to 
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goethite and hematite, owing to the instability of 
Fe(OH), as already discussed. Decomposition of mag- 
netite is generally accompanied by hydrolysis and oxi- 
dation. Without hydrolysis, maghemite (y-Fe,0,) is 
formed. Because silica and the bases are rapidly 
leached in well-drained soils, the montmorin series in 
which iron might be substituted is disfavored and the 
formation of aluminum members of the kaolin family 
is favored. 

In the temperate regions, where decomposition of 
primary minerals and leaching of silica and bases are 
relatively slower and less complete than in the tropi- 
cal weathering referred to, the 2 : 1 layer silicate min- 
erals bearing some iron ions are common, but give way 
(8) to kaolin as weathering progresses. 
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Substrate Competition between Procaine 
and Succinylcholine Diiodide for 
Plasma Cholinesterase 


Francis F. Foldes, Pearl G. McNall, David L. 
Davis, C. H. Ellis, and A. L. Wauck 

Department of Anesthesia, Mercy Hospital, Pittsburgh, 
Pennsylvania, Section on Anesthesiology, Department of 
Surgery, University of Pittsburgh, School of Medicine, and 
Wellcome Research Laboratories, Tuckahoe, New York 


It was shown by Kalow (1) that the enzyme re- 
sponsible for the hydrolysis of procaine in plasma 
is identical with cholinesterase (nonspecific cholines- 
terase, pseudo-cholinesterase). It was also demon- 
strated by Glick (2) and more recently by others 
(3-7) that plasma cholinesterase is capable of hydro- 
lyzing succinylcholine, a recently introduced muscle 
relaxant. In the course of clinical studies with suc- 
cinylcholine diiodide (8), it was observed that, when 
100 mg procaine was administered intravenously to 
patients receiving succinyleholine, the respiratory 
depth decreased markedly for several minutes, and in 
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TABLE 1 


Tue EFFECT OF THE INTRAVENOUS INJECTION OF PROCAINE ON RESPIRATION IN PATIENTS 
RECEIVING SUCCINYLCHOLINE IN CONTINUOUS INTRAVENOUS DRIP 


Onset of Duration of 
Patient Proeaine (mg) respiratory respiratory Remarks 
depression* (sec) depression (min) 

B. M. 30 60 12 Apnea 8 min 

A. G. 100 30 2 Moderate effect 

H.C. 100 55 6 

J. W. 100 30 2 

8. E. 100 _ _ No appreciable respiratory 
depression 

M. K. 100 70 6 

M.B. 100 45 5 Respiratory arrest; succinylcholine 
discontinued at 2% min 

J.F. 100 30 6 

J.J. 100 60 6 


* After the injection of procaine. 


a few instances respiratory arrest developed (Table 
1). These patients were anesthetized with a combina- 
tion of nitrous oxide-oxygen and thiopental sodium, 
and received succinylcholine by continuous intrave- 
nous drip at a rate of 2-8 mg/min. 

It was conceivable that since both procaine and 
succinylcholine are hydrolyzed by the same enzyme, 
the additive effect of the simultaneous administration 
of procaine and succinylcholine diiodide on respira- 
tory depth might be due to substrate competition be- 
tween the two agents for the plasma cholinesterase. 
Under clinical conditions, the measurement of this 
effect could not be carried out easily; therefore ex- 
periments were designed for the quantitative deter- 
mination of this substrate competition by in vitro 
hydrolysis studies and to observe the action of pro- 
caine on the succinylcholine-induced neuromuscular 
blockade in animal experiments. 

To four 1.6-ml aliquots of heparinized human 
plasma, procaine was added in sufficient quantities 
to obtain procaine concentrations of 50, 100, 200, and 
400 ug/ml, respectively. To another four plasma sam- 


TABLE 2 


Tue Errect oF SUCCINYLCHOLINE ON THE ENZYMATIC 
HYDROLYSIS OF PROCAINE IN PLASMA 


Succinyl- Procaine hydrolyzed 
concentration choline | (ug/ml) 
(ug/ml) concentration 
we/m, (ug/ml) Plasma 1 Plasma 2 
50 0 48 48 
100 0 50 44 
200 0 54 53 
400 0 56 47 
50 100 28 26 
100 100 38 32 
200 100 47 38 
400 100 57 46 
100 50 42 37 
100 100 35 31 
100 200 31 25 
100 400 24 19 
384 


ples, in addition to the same procaine concentrations, 
100 ug/ml succinylcholine diiodide was added. In yet 
another four plasma samples, the procaine concen- 
tration was kept constant, and the succinylcholine 
diiodide concentrations were made to be 50, 100, 200, 
and 400 ug/ml, respectively. All plasma samples were 
incubated at 37° C for 10 min. The procaine and 
p-aminobenzoic acid concentrations at the end of the 
hydrolysis were determined in duplicate by Ting’s 
method (9). The findings are summarized in Table 2. 

It can be seen from Table 2 that, in agreement 
with previous findings (10), increasing the procaine 
concentration from 50 to 400 ug/ml had very little 
effect on the quantity of procaine hydrolyzed (zero 
order reaction). In contrast to this, when 100 pg/ml 
succinyleholine diiodide was added to the systems be- 
fore ineubation, the quantities of procaine hydrolyzed 
inereased with increasing procaine concentrations. 
Similarly, when the procaine concentration was kept 
constant at 100 ng/ml and the succinylcholine diiodide 
concentration was increased, the quantity of procaine 
hydrolyzed decreased with inereasing succinylcholine 
diiodide concentrations. 

The inhibitory effect of procaine-HCl and suecinyl- 
choline dichloride on the enzymatic hydrolysis of one 
another was further investigated by Warburg’s micro- 
manometric technique and Ting’s method for the 
determination of procaine-HCl. The findings of these 
experiments (to be presented in detail elsewhere) are 
summarized in Table 3. The figures of Table 3 in- 
dicate that procaine-HCl inhibits the enzymatic hy- 
drolysis of succinylcholine dichloride and, in agree- 
ment with the experiment summarized in Table 2, 
succinyleholine inhibits the enzymatic hydrolysis of 
procaine-HCl. It is also evident that the inhibitory 
effect of procaine-HCl on the enzymatic hydrolysis of 
succinylcholine dichloride depends on the relative con- 
centration of the two substrates. The greater the pro- 
caine-HCl/succinylcholine dichloride ratio, the greater 
the inhibitory effect. The figures of Table 3 also show 
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TABLE 3 


Tue EFFECT OF PROCAINE AND SUCCINYLCHOLINE ON THE 
ENZYMATIC HyproLysis or OTHER* 


Suceinyleholine Procaine HCl 
dichloride 
hydrolyzed 
Substrate con- (ug/ml) (ug/ml) 
centration/ml 
= a = = 
Succinylicholine 
dichloride 5000 pg 3490 3120 
Procaine HClt 
> 100 ng 1650 1650 
Succinylecholine 
dichloride 5000 pg 1375 1920 219 297 
Procaine 500 png 
Succinylcho!ine 
dichloride 5000 pg 484 790 562 734 


Procaine HCl 2500 pg 


* Hydrolysis carried out at 37° C in 0.025 M bicarbonate— 
5% CO, buffer system in Warburg vessels for 120 min. 
+ Calculated from the data of Table 2. 


that the inhibitory effect of procaine-HCl on the en- 
zymatic hydrolysis of succinylcholine dichloride is 
greater than that of succinylcholine dichloride on the 
enzymatic hydrolysis of procaine-HCl. This indicates 


thetized by the intraperitoneal injection of sodium 
pentobarbital in a dosage of about 35 mg/kg. The 
isometric twitches of the gastrocnemius in response 
to single submaximal stimuli applied to the sciatic 


* nerve were recorded, and arterial blood pressure was 


recorded from a carotid cannula. In the experiment 
presented in Fig. 1, the gastrocnemius twitch was de- 


TABLE 4 
THE HypDRoOLysIs RATE OF PROCAINE* IN PLASMA AT 37° C 


Percentage Percentage 

Species hydrolyzed hydrolyzed 

in 20 min in 180 min 
Man 190 
Cat 7 74 
Dog 3 16 


* The procaine concentration was 100 pg/ml. 


pressed to about 10% of the control value by the con- 
tinuous intravenous administration of 0.02 mg/kg /min 
of suceinylcholine diiodide. At the point indicated by 
the arrow, 2.0 mg/kg of procaine was administered 
intravenously. Within a minute the gastrocnemius 
twitch was completely abolished. On discontinuing the 
infusion of succinyleholine, the gastrocnemius twitch 
began to return. Infusion of succinylecholine diiodide 
at the rate of 0.04 mg/kg /min again rapidly abolished 
the twitch. Subsequently, 90% depression of the 


Fic. 1, The effect of procaine on neuromuscular block produced by succinylcholine in dog. 


that although the hydrolysis rate of succinylcholine 
dichloride is greater than that of procaine-HCl, the 
affinity of procaine-HCl to the enzyme is consider- 
ably greater than that of the succinylcholine dichlo- 
ride. This finding is in agreement with the observation 
of Kalow (11) who found that the affinity of the 
plasma cholinesterase for procaine is about 220 times 
greater than that of acetylcholine. 

The additive effects of succinylcholine and procaine 
could also be demonstrated with mammalian sciatic- 
gastrocnemius preparations. Dogs and eats were anes- 
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twitch response could be maintained by the continu- 
ous intravenous infusion of only 0.01 mg/kg /min. 

In view of the fact that procaine is hydrolyzed very 
rapidly both in vivo (12) and in vitro (10) by human 
plasma, the long-lasting additive effect of procaine on 
suecinylcholine activity in dogs (and also in cats) was 
surprising. However, in vitro hydrolysis experiments 
with dog and cat plasma (Table 4) indicated that 
compared to man, the plasma cholinesterase activity 
in these animals was very low. 

This circumstance might account for the finding 
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that the mg/kg dose of succinylcholine diiodide on 
single intravenous administration was much lower 
(0.05 mg) in dog and cat (4, 13) than in man (0.5 
mg) (8), and that the inhibition of neuromuscular 
transmission following a single dose also lasted longer 
in dog and cat than in man. Similarly, the mg/kg/min 
dose of succinylcholine diiodide (0.04-0.12) was also 
considerably greater in man (8) than in dog and eat. 

According to Harvey, procaine prevents acetylcho- 
line from acting, by interfering with the acetylcholine 
receptor mechanism (14). It has also been shown that 
procaine inhibits acetylcholine release at the neuro- 
muscular junction (15). According to the present ac- 
cepted theory of the mechanism of action of the dif- 
ferent types of muscle relaxants (16), the suppression 
of acetylcholine release or prevention of its action 
should increase the effectiveness of the antidepolar- 
izing musele relaxants (curare, Flaxedil, ete.) , but de- 
crease the effect of the depolarizing agents (decame- 
thonium). Inasmuch as succinylcholine has been classi- 
fied as one of the depolarizing relaxants (17, 18), 
procaine would be expected to decrease its effective- 
ness. In contrast to this, it was found (Fig. 1) that 
in the dosage and manner used (2 mg/kg in dogs) 
procaine increased the intensity of neuromuscular 
blockade produced by succinylcholine. It is conceiv- 
able that under the experimental conditions reported, 
the effect of procaine on plasma cholinesterase activity 
was dominant over its antidepolarizing action (14, 
15). Under other experimental conditions, it was pos- 
sible to demonstrate that procaine is also capable of 
antagonizing the succinyleholine-induced neuromuscu- 
lar blockade (19). 

It was observed in patients and demonstrated in 
animal experiments that the intravenous injection of 
procaine during succinylcholine administration in- 
creased the inhibitory effect of succinylcholine on 
neuromuscular transmission. This resulted in an in- 
creased respiratory depression in patients, and a de- 
creased response of the sciatic-gastroenemius prepara- 
tion to repeated single electrical stimuli in animals. 
In vitro hydrolysis studies demonstrated that sub- 
strate competition exists between procaine and suc- 
cinylcholine for the plasma cholinesterase. The prac- 
tical importance of this observation lies in the fact 
that procaine and succinylcholine might be employed 
simultaneously in anesthetized patients, and therefore 
the anesthesiologist has to be aware of possible ad- 
ditive effects of these two agents. 
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Cholesterol-fed Bird? 
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Because of its possible importance in atherogenesis, 
the level of plasma cholesterol has received consider- 
able attention in recent years. Severe restriction of 
foodstuffs rich in lipides has been the most practical 
method so far proposed for lowering the concentra- 
tion of circulating cholesterol. In this laboratory, how- 
ever, we have been interested in procedures other than 
those involving dietary restrictions for the control of 
plasma cholesterol. We have recently shown that ab- 
sorption of cholesterol from the intestinal tract stops 
completely in the absence of bile (1), and this obser- 
vation suggested to us the feeding of ferric chloride, 
which is known to precipitate bile salts in vitro. It is 
shown here that the rise in plasma cholesterol, as well 
as the associated atheromata resulting from cholesterol 
feeding, can to a large degree be prevented by the 
feeding of ferric chloride. 

Experiment I. Four-month-old White Leghorn cock- 
erels, obtained through the courtesy of the Depart- 


TABLE 1 
COMPOSITION or DrretTs* 


I 1 A 5 None None None 
2 B 5 1 ad ‘ 
3 Cc 5 1 3 os 
II 4 D 5 None None 10 
5 E 5 1 ¢ 10 
6 F 5 1 3 10 
IIT 7 E as above 
8 F ce ce 


* Percentage of Purina broiler chow (starter ration), 
with added constituents. 


1 Aided by grants from the U. S. Public Health Service 
and the Life Insurance Medical Research Fund. 

2The technical assistance of Jacob V. Sherokoff and 
Donna M. Folliard is gratefully acknowledged. 
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ment of Poultry Husbandry of this university, were 
used. They were fed Purina broiler chow (starter 
ration) for a period of 4 weeks, during which time 
2 samples of blood were taken for determination of 
plasma cholesterol. They were then divided in three 
groups of 3 birds each and treated as follows: Group 
1 was fed Diet A; Group 2 was fed Diet B; and 
Group 3 was fed Diet C (Table 1). The birds were 
kept on the diets for about 5 months. Food consump- 
tion for each bird was measured daily (Table 2). 


TABLE 2 


AVERAGE Foop CONSUMPTION 
(Grams consumed per bird per day) 


Months 
Expt. Group 
2 3 4 5 6 
I 1 114 98 87 53 57 
2 95 89 71 54 60 
3 100 89 83 50 
II 4 94 99 84 65 65 71 
5 106 105 84 73 63 67 
6 85 79 78 59 59 48 
Ill 7 89 67 62 70 
8 96 76 69 71 


The total cholesterol of the plasma was measured on 
five occasions; the average values for the birds of 
each group are shown in Fig. 1. Plasma cholesterol 
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Fic. 1. Influence of ferric chloride feeding upon the 
cholesterolemia of the cholesterol-fed bird. §§: Group 1, 
regular diet; 4: Group 2, regular diet +1% cholesterol ; 
@: Group 3, regular diet +1% cholesterol +3% ferric 
chloride. 


was determined by a modification of the method of 
Sackett (2). 

The feeding of cholesterol plus fat resulted, as was 
to be expected, in a pronounced increase in the choles- 
terol concentration of plasma (Group 2). The highest 
value was observed about 1 month after the feeding 
of the diet was started, and at this time the average 
cholesterol value was 450 mg %. 

It is clear from Fig. 1 that the addition of iron 
to the cholesterol-fat diet inhibited the rise in plasma 
cholesterol. The values for the iron-cholesterol—fed 
birds (Group 3) were higher than those found in the 
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Fic. 2. Influence of ferric chloride feeding upon the 


cholesterolemia of the cholesterol-bile-fed bird. [): Group 4, 
regular diet + 10% bile concentrate ; A : Group 5, regular diet 
+1% cholesterol + 10% bile concentrate ; O ; Group 6, regular 
diet +1% cholesterol + 10% bile +3% ferric chloride. 


controls (Group 1), but in no ease did the plasma 
cholesterol concentrations in the birds of Group 3 
approach those observed in the birds fed cholesterol 
alone (Group 2). 

At the termination of the study (17-23 weeks) 
autopsies were performed on all animals. The heart 
and aorta of each bird were dissected out and care- 
fully examined for gross atheromata. Severity of the 
thoracic and abdominal aortic lesions was graded as 
follows: 

0: No gross changes 

0.5: Extensive coalescing intimal discoloration, lacking a 
grossly elevated intimal surface 

1: Definite plaques less than 3 mm’, white to cream- 
colored, with raised intimal surface 

2: Definite plaques greater than 3 mm’, cream to light 
yellow in color 

3: Numerous plaques greater than 3 mm”, yellow in color 

4: Severe gross atheromatosis (lesions yellow in color, 
raised and calcified on gross examination) 


Examination of the aortas at the end of the experi- 
ment indicated that there were fewer lesions in the 
birds that received ferric chloride plus cholesterol than 
in those fed cholesterol alone. The prolonged feeding 
of the large amounts of ferric chloride was not, how- 
ever, without toxie action. Cataract formation, de- 
ereased food intake, and weight loss were observed 
about the 14th week of the experiment. For this 
reason we cannot conclude from this experiment that 
the ferric chloride per se was responsible for the lesser 
degree of atherogenesis in the birds of Group 3. But, 
as judged by the intake of food, gain in weight, and 
the general well-being of the bird, no toxic effects were 
encountered until the period of about 344 months had 
elapsed. Table 2 shows that during these first 3% 
months the iron-fed birds (Group 3) actually ingested 
slightly more food, and hence more cholesterol, than 
did the birds of Group 2. Despite this, however, 
plasma cholesterol in the birds of Group 3 remained 
lower than in those of Group 2. 

Experiment IT. In view of the role of bile in choles- 
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TABLE 3 


EFFEcT OF FERRIC CHLORIDE UPON DEGREE OF ATHEROSCLEROSIS IN CHOLESTEROL-FED BIRDS AND BIRDS FED 
CHOLESTEROL PLUS BILE 


Diet Aorta Degree of 
Expt. Grou Bird Athero- 
Cholesterol Bile FeCl, Thoracic Abdominal sclerosis 
1 0.5 0 
1 None None None 2 0 0 0.17 
3 0.5 0 
4 0 0 
I 2 5 0 2 0.92 
6 0.5 3 
7 0 0 
3 + i + 8 0 2 0.33* 
9 0 0 
10 0 2 
4 None 7 None 11 0 0 0.33 
12 0 0 
13 > 4 4 
11 5 + + “ 14 2 3 2.50 
15 1 3 
; 16 0 0 
17 2 0 0.50 
18 3 2 
2 2.67 
7 + + None ne 67 
Ill 21 t t 
22 0 2 
s + + + 23 0 3 0.62 
24 0 0 
o> 


* This value may be low since the birds of group 3 were sacrificed earlier than those of the other groups of this 


experiment. 


+ Bird died in cage and severe postmortem changes made gross grading impossible. 


terol absorption we undertook a study of the effect 
of the simultaneous administration of cholesterol and 
bile upon plasma cholesterol levels and atherogenesis. 
Three groups of birds (3 in Groups 4 and 5, 2 in 
Group 6) were fed as follows: 

Group 4 was fed Diet D (Table 1). The bile as ob- 
tained from the abbatoir was concentrated to approxi- 
mately 1/7 of its volume by heating overnight at 
100° C and passing a stream of air over its surface 
to facilitate evaporation. Group 5 was fed Diet E. 
Group 6 was fed Diet F. 

The birds used in Expts. I and II were from a 
single hatch, and both experiments were run concur- 
rently. The feeding in Expt. II was continued for 
about 6 months. 

The food intake of the 8 birds used in Expt. II 
is given in Table 2. Their plasma cholesterol values 
are shown in Fig. 2, and the degree of atheromatosis 
in Table 3. 

The addition of bile to the cholesterol diet resulted 
in an extraordinary rise in plasma cholesterol (cf. 
Group 2 in Fig. 1 with Group 5 in Fig. 2). At the 
end of 2 weeks these birds showed cholesterol levels 
ranging from 420 to 850 mg %, and by the time 5 
weeks had elapsed the values were 1022-2017 mg %. 
The average values throughout the remainder of the 
6-month period did not drop below 1000 mg %. 

Good evidence that the degree of atheromatosis 
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keeps pace with the level of plasma cholesterol is 
shown by the comparison of plaque formation in the 
birds of Group 2 (Expt. I) with those of Group 5 


<'400- 


| 


100 ML. PLASM 


MG. CHOLESTEROL PER 


WEEKS 


Fic. 8. Influence of ferric chloride feeding upon the 
cholesterolemia of the cholesterol-bile—-fed bird. AQ: Group 
7, regular diet +1% cholesterol +10% bile concentrate; 
©: Group 8, regular diet +1% cholesterol +3% ferric 
chloride. 
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(Expt. I1). Atheromatosis was 3 times as extensive 
in the birds of Group 5 as in those of Group 2. 

The dramatic action of iron feeding in the preven- 
tion of the rise in plasma cholesterol is clearly shown 
in Fig. 2. The feeding of iron even in the presence 
of bile (Group 6) held plaque formation to a degree 
approximately 1/5 that observed in birds of Group 5. 
No toxic manifestations (cataracts or weight loss) 
were noted in the birds fed the ferric chloride-con- 
taining diet. 

Experiment III. Two groups of birds (4/group) 
were studied in this experiment (Table 1). Group 7 
was fed Diet E. Group 8 was fed Diet F. 

The birds were 5 months old at the start of the feed- 
ing, and the experimental period was shortened to 4 
months. During this period no untoward manifesta- 
tions were noted in the birds fed the iron-bile-choles- 
terol diet. 

The results of the experiment, shown in Fig. 3 and 
Table 3, are essentially the same as those of the second 
experiment. The degree of atheromatosis in the birds 
fed bile and cholesterol was approximately 4 times as 
great as that observed in the birds fed bile, cholesterol, 
and iron. 

The interesting finding is that the feeding of ox 
bile along with cholesterol results in a greater degree 
of atherosclerosis, as well as a higher cholesterolemia, 
than does the feeding of cholesterol alone. The hyper- 
cholesterolemie effect of bile, which has been noted 


previously (3, 4), is probably the result of augmented 
cholesterol absorption. This view is supported by the 
observation that birds fed Purina chow supplemented 
with Wesson oil and bile but no cholesterol showed no 
greater cholesterolemia nor atheromatosis than control 
birds fed the Purina chow plus Wesson oil. 

The enteral administration of ferric chloride re- 
duced the extent of the rise of plasma cholesterol not 
only in birds fed cholesterol but also in those fed 
cholesterol plus bile. It is likely, although not yet 
proved, that the iron acted by precipitating bile salts 
in the intestinal tract. 

The action of bile in facilitating the appearance 
of atheromata in the cholesterol-fed bird, as well as 
an earlier finding that bile controls the rate of choles- 
terol absorption by the intestine in the rat (1), raises 
an interesting point—namely, the part played by in- 
testinal bile in the development of arteriosclerosis in 
man. Our findings suggest that the binding of bile 
salts in the intestinal tract, thereby suppressing cho- 
lesterol absorption, may offer a means of controlling 
the development of arteriosclerosis. 
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Comments and Communications 


Photoperiodicity in Animals: 
The Role of Darkness 


RECENT results with quail (1) have been claimed 
as apparently “the first clarification of the importance 
of the dark period in the photoperiodic responses of 
any higher animal” (as opposed to results with plants, 
aphids, and snails). In a neat experiment, 5 groups 
of birds were exposed to artificial lighting daily: 
either as 17 hr (followed by 7 hr darkness) or as 9 hr 
plus 1 hr (the two periods separated by a 0-, 1%4-, 
344-, or 7-hr dark period, and followed by another 
dark period to complete the 24-hr eyele). 

The results are summarized by pointing out that 
stimulation (gonad and oviduct size) is roughly “in- 
versely proportional to the length of the longest dark 
interval. . . . It is evident that the dark period is an 
inhibitory factor.” The growth effects obtained with 
17 hr light (and one 7-hr dark period) seem to have 
been about the same as with 10 hr total light (with 
two 7-hr dark periods daily). 

These results might have been expressed in another 
way—that stimulation was roughly proportional to 
the length of day (above a threshold level) ; and that 
the “day” did not have to be continuous but could be 
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broken by a dark interval. It is perhaps a mistake to 
think of darkness—which is merely the absence of 
light—as playing an active role. 

Hart’s demonstration (2) that ferrets would be- 
come oestrous if the dark period was broken was open 
to criticism (1). But experiments (3) at the Worcester 
Foundation, based on Hart’s results, showed that only 
7 hr illumination daily, if divided over a 12-hr period, 
will stimulate: so indeed (4) will 4 hr divided over 
14 hr. 

There seem to be differences between photoperiodic 
mechanisms of birds and mammals; but in both there 
is evidence that the length of the dark period affects 
the response to light, and not in an inhibitory fashion. 
In the weaverbird (5) an optimum length of day (and 
hence of night) has been postulated. In the ferret in- 
terpretation of experiments is complicated by what 
has been termed an “inherent rhythm” (6). 

This rhythm may be due, or partly due, to the dis- 
sipation in darkness of inhibitory aftereffects of long 
days. Analogy with results on mink (3, 7) suggests 
this: stimulatory effects of light ean be stored for 
long periods (4). 

Hart (2) found a more rapid response to 16 hr 
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than to 24 hr of light daily; unfortunately, his light- 
ing intensity fluctuated. However, with constant in- 
tensity (4) response was more rapid with 14 hr than 
24 hr of illumination. Indeed, in the latter experi- 
ment the delay in response with 24 hr of light was 
such that onset of oestrus might be attributed to an 
“inherent rhythm” (supposing it “independent of 
light”), rather than to the long day length. 

Part of another experiment (8) also demonstrates 
that darkness enhances the response to light. Nine 
ferrets (after a year on rather complex, controlled, 
artificial light schedules) were on Aug. 18 put in 3 
groups—on 15 hr light, on 18 hr light, and on 6 hr 
divided light (4 hr+2 hr) spread over 15 hr, each 
day. (They were kept thus for a year; but oestrus 
developed much sooner than that.) One in each group 
was in fact oestrous when the phase which is reported 
here started; dates when the others became oestrous 
are shown in Table 1. On previous phases of the ex- 
periment there was little individual variation. 


TABLE 1 
Broken 
Animal 15 hr 18 hr 15 hr 
(i) Oct. 13 Dee. 8 Nov. 10 
(after 8 (16 weeks) (12 weeks) 
weeks) 
(ii) Oct. 20 Dee. 29 Died 
(9 weeks) (19 weeks) (Sept.) 


It will be noted that response was much slower on 
18 hr of light daily than on 15 hr. Thus the extra 3 hr 
of light may be said to have had an inhibitory effect 
(alternatively, 3 hr of darkness stimulated!). “Stimu- 
lating effects of darkness” in “long-day” animals need 
not seem very strange; they have been postulated in 
“short-day” animals (9), and the fundamental mecha- 
nism is likely to be the same in each. In plants (10) 
quite closely related species may belong on either side 
of the “long-day” /“short-day” fence. 

JoHn JR. 
Physiological Laboratory 
Cambridge, England 
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Arter studying the comments of John Hammond, 
Jr., concerning our recent paper on the role of dark- 
ness in sexual activity of the quail (1), we conclude 
that he is making essentially two criticisms. First, in 
suggesting that darkness may not play an active role 
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TABLE 1 


QUANTITATIVE RESPONSE IN SEXUAL ACTIVITY OF Bos- 
WHITE QuAIL TO DURATION OF INTERRUPTION 
or PERIOD 


Percentage in 
: full sexual 
Night No. of 
Hours of light interruption birds — 
64 days 
17 hr 
(7:00 A. M.— 
12:00 Mm.) 0 9 100 
10 hr 
(7:00 a. M.— 
5:00 P. M.) 0 10 0 
10 hr 15 min 
(7:00 a. M— (11:45 P. M— 
5:00 P. M.) 12:00 M.) 9 33.3 
10 hr 30 min 
(7:00 a. M.— (11:45 Pp. 
5:00 P. M.) 12:15 A.M.) 9 78 
10 hr 60 min 
(7:00 a. M.— (11:30 P. M.- 
5:00 P.M.) 12:30 a. M.) 10 100 


(inhibition, as we reported), he submits that our data 
could be alternatively interpreted as responses to day 
length, if one assumes that the day did not necessarily 
have to be continuous. Second, he suggests that dark- 
ness is not necessarily inhibitory, but in some cases 
may promote sexual activity in animals. We should 
like to comment on each of these points. 

The first criticism seems to us difficult to defend. 
If the results with quail were to be explained by as- 
suming that the day did not have to be continuous, 
the additional assumption would have to be made that 
dark periods as long as 7 hr (the length of summer 
nights in England) interspersed in the “day” period 
would not alter the animals’ response. We feel that 
the simpler point of view is the more tenable until the 
basis for such an additional assumption is established. 
As direct evidence against Mr. Hammond’s suggestion, 
we have evidence that the response of the quail is 
quantitatively proportional to the duration of the 
night interruption, even though the time of night at 
which the interruption occurs is essentially the same. 
Results of a sample experiment are shown in Table 1. 
Such quantitative responses to the duration of the 
interruption would hardly be expected if the inter- 
ruption were acting only to extend the day, for the 
space of time from the beginning of the photoperiod 
to the end of the night interruption was essentially 
the same for all groups. 

With reference to the second suggestion, that dark- 
ness is not necessarily inhibitory in photoperiodic phe- 
nomena in animals in general, we hasten to agree. 
Shull (2) showed clearly that wing production in 
aphids required a period of darkness, the optimum 
period being 10-14 hr. In Citellus full spermatogenesis 
occurs naturally in the darkness of the hibernation 
burrow (3). Whether darkness is stimulating in this 
ease may be debatable, but it can scarcely be inhibit- 


Science, Vol. 117 


ing. 
app 
— = tive 
T 
in ¢ 
the 
clea 
and 
of | 
Pui 
Ag 
( 
2. § 
0 
3. 1 
( 
4,1 
TI 
tic’ 
lar 
. ere 
re¢ 
rec 
alt 
‘ ad 
it. 
me 
gu 
th 
tal 
di 
qu 
of 
4 

N 
Pr 
R 
it 


ing. In the ease of plants it is well known that a long 
night either stimulates or inhibits reproduction when 
applied to short-day or long-day species, respec- 
tively (4). 

The comments of Mr. Hammond are interesting and 
in our opinion serve to emphasize even further that 
the experiments in our report are the first to indicate 
clearly that the night or dark period exerts a discrete 
and specific influence in the photoperiodic responses 
of higher animals. 

C. M. Kirkpatrick 
A. C. 
Purdue University 
Agricultural Experiment Station 
Lafayette, Indiana 
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The Languages of the Language of Science 


THERE has been some discussion among mathema- 
ticians as to the Ph.D. requirements with respect to 
languages. One faction maintains that the rate of in- 
erease of papers published in the Russian language 
requires a revision of the usual French and German 
requirement to one that would admit Russian as an 
alternative at least. Some graduate schools have 
adopted this modification, and others are considering 
it. The other faction has said that, since there are still 
more papers published each year in each of the lan- 
guages now required than are published in Russian, 
there is no point in making a change. Their other well- 
taken point is that in the past the Russian language 
did not come close to either French or German in 
quantity of publication. The literature of the past is, 
of course, of great importance. 


number, 33,769 papers were written in one of seven 
languages. The other 964 papers were distributed 
among 23 languages as varied as Chinese, Esperanto, 
Serbian, and Gaelic. 


TABLE 3 
USSR Worldwide 
(1946-49) (1940-50) 

Per- Per- 
od centage of centage 
pape of total — of total 

Algebra 50 7.1 3,934 11.3 
Analysis 425 60.9 14,251 41.1 
Applied 51 7.3 9,208 26.5 
Geometry 72 10.3 5,040 14.5 
Group 54 7.7 1,039 3.0 
Topology 47 6.7 1,261 3.6 
Total 699 100.0 34,733 100.0 


Table 1 is a summary of the languages in which 
these 34,733 papers were written. It is immediately 
apparent that English was used for almost half the 
papers, being over twice as prevalent as French, which 
ranks second. One reason for the extremely high posi- 
tion of English and the relatively high position of 
French is that prior to 1947 Russian scientists were 
given the choice of one language other than Russian 
into which their papers might be translated for pub- 
lication. That choice usually went to French or Eng- 
lish. It should be noted that, although Spanish and 
Dutch are included in the table, almost 95% of the 
papers were written in one of five languages. 

Table 2 shows the number of papers written in the 
several languages in 1940 and in 1950. It also includes 
the ratio of increase from 1940 to 1950. The total 
number of papers written during the year has in- 
creased by a ratio of 2.38: 1, but this does not neces- 
sarily mean that there has been that great an increase 
in papers in the field of mathematics. The number of 
journals abstracted by Mathematical Reviews has also 


TABLE 1 

Language English German French Russian [Italian Spanish Dutch Others Total 

No. Of PAPePS wocccmme 15,789 4450 6722 3043 2652 "859 254 964 34,733 

Percentage of total ... 45.5 12.8 19.4 8.8 7.6 2.5 07 2.7 100.0 
TABLE 2 

English German French Russian Ttalian Spanish Duteh Total 

1052 365 349 92 145 33 9 2045 

2099 729 882 610 423 59 63 4865 

Ratio 0 1.99 2.00 2.51 6.63 2.92 1.79 7.00 2.38 


We present herewith the results of a survey of 
mathematics papers, the abstracts of which appeared 
in Mathematical Reviews. Our data represent the 
classification by language of 34,733 papers. Of this 
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increased since 1940. There is no easy way to deter- 
mine the validity of Table 2 in view of this cireum- 
stance. It is interesting, nevertheless, to note that, with 
the exception of Dutch, in which the number of papers 
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is not large enough to be significant, the ratio of in- 
crease of the number of Russian papers abstracted is 
considerably higher than those of the other major 
languages. 

In a previous paper (1) reference was made to the 
classification of Russian papers by general field during 
the years 1946-49. The authors received several com- 
munications suggesting that the data would have more 
significance if compared with the same classification 
on a worldwide basis. Table 3 presents these data. The 
differences in percentage need no particular comment 
except to note that security classification may account 
for the large differences in the field of applied mathe- 
matics. 

The inevitable conclusion from the data presented 
is that the Russian language is gaining more and more 
significance in the field of mathematics. Whether it is 
now time for a shift in the Ph.D. requirement is a 
point for argument, but it appears that some adjust- 
ment will have to be made before long. 

Even more significant is that the Russian scientist 
is making tremendous strides, whether we like it or 
not. Since our survival depends on a correct estimate 
of the situation, it is time for American scientists to 
draw their conclusions about the quality of Russian 
work from other sources than the editorial columns 
of their newspapers. 

Rosert J. HoweERTON 


Cuartes E. Diss 
Regis College, Denver 
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Baule-Mitscherlich Limiting Factor Equation 


RECENTLY, in a brief communication to Scrmnce 
(115, 23 [1952]), the author pointed out that Black- 
man’s concept of limiting factors, which is based on 
Liebig’s law, is not valid. Since that communication 
was submitted, a paper written on the subject by 
Baule (Landwirtsch. Jahrb., 51, 363 [1918]) has been 
studied. In it Baule argues that Liebig’s law is in- 
valid, and he presents a general limiting factor equa- 
tion derived from that of Mitscherlich (Landwirtsch. 
Jahrb., 38, 537 [1909]). Baule’s paper has apparently 
been ignored by most English-writing biologists. The 
most conspicuous case of such omission is that of Van 
den Hohnert (Rec. trav. botan. Néerl., 27, 149 
[1930]), who carried out experiments designed specifi- 
eally to elucidate the limiting factor problem but 
failed to include any consideration of Baule’s equa- 
tion. 

The general equation is: 


0.79/hz) 
(...) (...), 


where E is the rate of a process influenced by several 
factors; Emax is the maximal rate obtained when all 
factors are present at optimal intensity; and the z, 
y, 2, ete., are intensities of the separate factors in- 
fluencing the process. The 0.7 and the h’s are con- 
stants introduced to facilitate fitting the equation to 
experimental data. 

An inspection of the equation shows that the “slow- 
est” factor does not limit the rate of the process ex- 
elusively, but all factors are influential at all times in 
varying degree, depending on their intensity. This is 
true except in the special case where a factor has zero 
intensity. Then the rate is zero, regardless of the in- 
tensity of other factors; thus Liebig’s law is valid in 
this special ease. The equation predicts, as has fre- 
quently been demonstrated experimentally, that when 
one factor is at a suboptimal intensity, the manipula- 
tion of other factors will still produce changes in the 
rate of the process. An examination of the individual 
terms of the equation reveals that the manipulation 
of a single factor, other, factors being constant, should 
yield a logarithmic curve, not a Blackman-type curve. 
This prediction is also abundantly confirmed by the 
experimental results obtained by a host of research- 
ers. The equation, therefore, seems to constitute an aec- 
ceptable expression of limiting factor theory, and 
deserves more recognition than biologists have ae- 
corded it during the 35 years since it was published. 

Jacos VERDUIN 
The Franz Theodore Stone Institute 

of Hydrobiology 

Put-in-Bay, Ohio 


Fluoridation of Water 


Wirs reference to page 199 of the Feb. 20, 1953, 
issue of Scrence, stating a resolution was passed by 
the Subsection on Dentistry (N2) endorsing fluorida- 
tion of city water supplies, can you give me any fur- 
ther information as to the disposition of the resolu- 
tion? 

Victor E. Caruso 
Wyckoff, New Jersey 


On Saturday, December 27, Section Nd adopted the 
following resolution and directed that it be conveyed to 
the AAAS for approval and publication: 

Be it resolved, That Section Nd (dentistry) convened 
in annual session in St. Louis December 27 strongly en- 
dorsed the fluoridation of city water supplies as a partial 
preventive of decay of the teeth of children and recom- 
mends that all cities and communities having a central 
water supply adopt this health measure. 
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Book Reviews 


The Chemistry and Physiology of the Nucleus. 
Experimental Cell Research, Suppl. 2, 1952. Pro- 
ceedings of the Symposium held August, 1951 by 
the Biology Department, Brookhaven National 
Laboratory. V. T. Bowen, Ed. New York: Academic 
Press, 1952. 402 pp. Illus. $7.00. 


In this volume are presented the proceedings of a 
symposium on nuclear chemistry and biology held at 
the Brookhaven National Laboratory. A list of the 
contents emphasizes the wide range of interests cov- 
ered by the symposium: 

‘Problems in Nuclear Chemistry and Biology’’ (K. G. 
Stern); ‘‘Interrelations between Nucleus and Cyto- 
plasm’’ (J. Schultz); ‘‘The Role of the Nucleus in 
Protein Synthesis’’ (F. Haurowitz and C. F. Crampton) ; 
‘‘Nueleoproteins of the Nucleus’’ (A. W. Pollister) ; 
“Quantitative Optical Techniques in the Study of 
Nuclear Chemistry’? (M. J. Moses); ‘‘The Lampbrush 
Chromosomes of Triturus viridescens’’ (J. G. Gall) ; 
“The Enzymes of Isolated Nuclei’’ (A. L. Dounce) ; 
‘(Histochemical Demonstration of Nuclear Enzymes’’ 
(A. B. Novikoff); ‘‘Evidence for the Polynucleotide 
Nature of Cysteinylglycinase’’ (F. Binkley) ; ‘‘Organi- 
zation and Function of the Inorganic Constituents of 
Nuclei (of Drosophila larvae)’’ (D. F. Poulson and V. 
T. Bowen) ; ‘‘Studies on the Metabolism of the Nucleic 
Acids’? (A. Bendich) ; ‘‘Specificity in the Composition 
of Nucleic Acids’’ (G. R. Wyatt); ‘‘Chemical Action 
of X-Rays on Nucleic Acids and Related Substances in 
Aqueous Systems’’ (G. Scholes and J. Weiss); ‘‘ Rela- 
tionships between Ionizing Radiation, Chromosome Break- 
age and Certain Other Nuclear Disturbances’’ (A. H. 
Sparrow, M. J. Moses, and R. J. Dubow) ; ‘‘Chromosome 
Metabolism as Shown by Autoradiographs’’ (S. R. Pele 
and Alma Howard); ‘‘Effects of Purines and Other 
Chemotherapeutic Agents on Nuclear Structure and 
Funetion’’ (J. J. Biesele, Ruth E. Berger, Marilyn 
Clarke, and L. Weiss); ‘‘The Effect of Colchicine on 
the Microscopic and Submicroscopie Structure of the 
(first maturation division) Spindle (of the odcyte of 
Chaetopterus pergamentaceous)’’ (S. Inoué) ; ‘‘ Current 
Status of the Bacterial Nucleus’’ (E. D. DeLamater, 
M. E. Hunter, and 8. Mudd); ‘‘The Origin of Bacteri- 
ophage Nitrogen, Carbon, and Phosphorus’’ (F. W. 
Putnam); ‘‘The Fate of the Infecting Virus Particle 
(L. M. Kozloff); and ‘‘The Biological Nature of the 
Bacterial Transforming Factors’’ (R. D. Hotchkiss). 


In addition, the value of many of these contributions 
is enhanced by the inclusion of a report of the subse- 
quent discussion. 

Certain of the initial papers, which attempt to recon- 
cile current ill-defined ideas of desoxypentosenucleo- 
protein structure with biological function, suffer from 
a surfeit of hypotheses, whereas others merely reiter- 
ate the results of work already published. Prominent 
among the contributions which record new observa- 
tions are those of Gall and Binkley. The latter de- 
scribes the isolation from frozen pig kidney of a pro- 
tein-free polypentosenucleotide fraction that exhibits 
high hydrolytic enzyme activity against cysteinylgly- 
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cine and glycyleysteine. The work, which possibly 
points to a definite function of the pentosenucleic 
acids, is presented with caution in the form of a prog- 
ress report, and it is emphasized that it would be pre- 
mature to ascribe the enzyme activity to the poly- 
nucleotide alone. 

Novikoff’s paper on the histochemical demonstra- 
tion of nuclear enzymes—largely confined to an ex- 
tensive consideration of the limitations and sources of 
error inherent in the Gomori and other techniques for 
the location of alkaline phosphatase—ineludes a lim- 
ited survey of the distribution of 5-adenylie acid 
(adenosine-5-phosphate) phosphatase, adenosine tri- 
phosphatase, “DNA-phosphatase,” and succinic de- 
hydrogenase. 

Pele and Howard discuss the synthesis of desoxypen- 
tosenucleie acid and sulfur-containing protein in the 
chromosomes of cells from the meristematic tissue of 
the main root of Vicia faba seedlings and show, by ex- 
periments in which the growing roots are subjected to 
irradiation with x-rays, that the synthesis of protein 
in the chromosomes can occur without a corresponding 
synthesis of desoxypentosenucleie acid. 

The current concept of DeLamater, Hunter, and 
Mudd that the bacterial nucleus is essentially similar 
to the nuclei of higher organisms, and contains dis- 
crete, countable chromosomes, which undergo a typi- 
eal mitotic process prior to the division of the cell, is 
derived solely from the recent extensive investigations 
of DeLamater and his colleagues, and excludes the 
equally current concepts held by other bacterial cytolo- 
gists. 

Among the papers of predominant chemical inter- 
est, that presented by Scholes and Weiss gives a com- 
prehensive account of the nature of the degradative 
changes induced in aqueous solutions of nucleic acids 
by irradiation with x-rays, which lead to an initial 
depolymerization of the substrates, followed by frag- 
mentation of the polynucleotides and the liberation of 
inorganie phosphate, ammonia, and small amounts of 
free purine bases. 

Bendich’s paper, which gives detailed and critical 
consideration to the nature of the biosynthesis of the 
nucleic acids, also points to heterogeneity in constitu- 
tion, and possibly function, of the desexypentosenu- 
cleic acid of rat tissues. Thus, it is now possible to 
separate the desoxypentosenucleic acids of the pooled 
internal organs of adult rats, or regenerating rat liver, 
into two distinct fractions, which differ not only in 
their solubilities in 0.87% sodium chloride solution, 
but also in metabolism and rates of turnover. 

Wyatt deals thoroughly with the differentiation of 
nucleic acids, particularly desoxypentosenucleic acids, 
by the determination of the relative amounts of the 
purine and pyrimidine bases. Differences in the pro- 
portions of the major bases between one nucleic acid 
and another, as revealed by analyses carried out in 
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various laboratories, are considered signiticant in some 
eases, but in others no greater than the experimental 
error. The 5-methyleytosine content, which, when high, 
tends to be balanced by a reduced amount of cytosine, 
is significantly different for the desoxypentosenucleic 
acids of every animal species, and is the same only in 
desoxypentosenucleie acids derived from different tis- 
sues of the same species. The greater constancy of the 
composition of the desoxypentosenucleic acids isolated 
from higher organisms, than that from lower ones, 
apparent from the results thus far available, is con- 
sidered to be consistent with the concept that the 
analyses determine the mean composition of a num- 
ber of gene-specific nucleic acids. 

In a critical review of the chemical and photometric 
evidence leading to the concept of a constant amount 
of desoxypentosenucleic acid in the interphase nuclei 
of different somatic tissues of the same species, Pol- 
lister justly emphasizes that the apparently constant 
values obtained are statistical means, and neither pro- 
cedure excludes the possibility that the nuclear desoxy- 
pentosenucleic acid content varies during intracellular 
metabolism. In this paper attention is also drawn to 
the high content of nonhistone protein in cell nuclei 
(provisionally estimated, for example, as 65% of the 


dry weight of the interphase nucleus of the man. 
malian liver cell), which differs from cell to cell, and 
which merits more detailed chemical investigation than 
it has hitherto received. 

Putnam produces evidence to show that most of, if 
not all the phosphorus of the T7 bacteriophage npv- 
cleoprotein is derived from the desoxypentosenucleic 
acid of the Escherichia coli host cell. Synthesis of the 
phage desoxypentosenucleic acid is preceded by the 
degradation of the host nucleic acid to oligo- or mono- 
nucleotides. 

Kozloff presents an interesting summary of evidence 
to show: (1) an extensive breakdown of the EL. colj 
T6r+ and T7 bacteriophages occurs during the repro. ' 
ductive process; (2) the contribution of parent mate- 
rial to the virus progeny is not a specific and obligate 
part of the reproductive process; (3) the transfer of 
nitrogen and phosphorus from the parent virus to the 
progeny involves excessive rearrangements and is 
largely independent of genetic units. In the subse- 
quent discussion certain of the results and hypotheses 
presented in the paper are debated with exuberance. 


MIcHAEL Wess 
Department of Microbiology 
Rutgers University 


Sir James Jeans: A Biography. E. A. Milne. New 
York: Cambridge Univ. Press, 1952. 176 pp. Illus. 
$4.00. 


Just before his death in 1950 Milne completed this 
biography of Sir James Jeans. The biography consists 
of three parts, the first part being a memoir by S. C. 
Roberts, of the Cambridge University Press. In this 
memoir, Roberts describes how he induced Jeans to 
write The Universe Around Us, the first of the series 
of books meant for the general public in which Jeans 
so successfully popularized the theories and discoveries 
of astronomy and physics. Roberts also describes how 
Jeans met his second wife in the Swiss and Italian 
mountains, while on holiday. 

The main part of the book is Milne’s biography. In 
the first six chapters Milne describes in detail Jeans’ 
life, his academic career, and his career as a writer of 
popular books. The last six chapters are devoted to a 
critical account and assessment of Jeans’ contributions 
to science. The bibliography of all Jeans’ works is given 
at the end of the book. In it one finds a list of eight 
technical books, ten popular books, and 76 research 
papers, as well as of ten references to abstracts of 
lectures. From this biography there emerges a picture 
of Jeans, the man and the scientist, but also a picture 
of Milne, and finally a picture—and not always a 
pleasant one—of the atmosphere of British astronomy. 

The biographical part falls naturally into six chap- 
ters. The first deals with Jeans’ boyhood and years 
in Cambridge, the second with his stay in Princeton, 
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where he was invited as professor of applied mathe- 
maties by Woodrow Wilson at the same time as O. W. 
Richardson, G. Birkhoff, O. Veblen, and Henry Norris 
Russell. The third chapter deals with the period from 
1909-19, during which Jeans probably made his most 
important contributions to science. The fourth chapter 
is devoted to the ten years that Jeans was secretary 
of the Royal Society, and the fifth and sixth chapters 
deal with Jeans’ popular works and the last years of 
his life. Milne stresses the fact that as a stylist, both 
in his scientific writings and his popular books, Jeans 
was outstanding. Before he started writing for the 
general public, Jeans had gained a place in The Oz- 
ford Book of English Prose. 

In the last part of the biography, Milne discusses 
critically, sometimes perhaps too critically, Jeans’ con- 
tributions to science. Again the division in chapters 
comes naturally, and they deal successively with kinetic 
problems, rotating masses, star clusters, stellar equi- 
librium, and Jeans and philosophy. 

Jeans’ popular books are still fascinating to read, 
whether or not one agrees with him in all detail, and 
it is extremely fortunate that we now possess in 
Milne’s biography a fascinating account of this out- 
standing British scientist. As one can expect from the 
Cambridge University Press the book is beautifully 
produced and at a reasonable price. 

D. TER Haar 
Department of Natural Philosophy 
University of St. Andrews, Scotland 
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The Wiley Bulletin 


SCIENCE EDITION 


New York 


AFRICA VIEWED 
IN NEW LIGHT 


When H. M. Stanley “discovered” 
tropical Africa 80 years ago, most of his 
fellow Americans paid little attention. 
That it is among the least * ‘known” of 
all continents is still true. Often lightly 

passed off as a “backward” area, Africa 
a a more important role in our mod- 
ern life than is realized. Dr. Dudley 
Stamp, President of the International 
Geographical Union, while lecturing on 
“Underdeveloped Areas”, found that 
Africa repeatedly proved an apt example 
—yet concrete information about this 
continent was sadly lacking. Out of this 
realization grew Africa: A Study in 
Tropical Development, 


“What I have tried to do in this 
book is . . . to look at the continent 
. to consider its geographical back- 
ground as an environment for human 
activity and to. study the responses 
which have been evoked from its African 
inhabitants and those who, in the last 
few centuries, have penetrated its fast- 
nesses and molded its fortunes,” says 
Dr. Stamp in the Preface. 


The book is a revealing, significant 
picture of every African country and 
region, of Africa's people, products, and 
problems. 1953. 568 pages. $8.50. 


A NEW “ADAMS” 


Welcome news to organic chemists 
is the announcement that the seventh 
volume of Organic Reactions Edited 
by Rogers Adams, is ready. It contains 
seven new reactions. 1953. Approx. 464 
pages. Prob. $8.50. 
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A CHANGING SUBJECT IN CHEMISTRY 
BECOMES A PROBLEM TO TEACHERS 
Biochemistry Running Ahead, Textbooks Falling Behind 


Biochemistry, quite apart from its direct application, is today an essential 
component in the scientific education of the biologist or chemist. Although its ex- 
perimental basis is still in constant flux, the underlying structure remains unchanged. 


ALGEBRA, A LANGUAGE? 


Elementary Algebra 
Built on Arithmetic 


“Years of teaching have convinced 
me that algebra would frighten fewer 
people if its relation to arithmetic were 
grasped”, states Lloyd Lowenstein of 
Kent State University in the Preface to 
his new Beginning Algebra for College 
Students. 


In this book the author uses the 
reader's experiences in simple arithmetic 
to develop an understanding of the rules 
of algebra. Algebra is treated as a 
language, and the reader is taught to 
translate from English to the algebraic 
language and back again. The main 
objective of the book is to make the 
reader think for himself and use algebra 
as a tool. An unusual and novel feature 
is the appendix wherein questions raised 
in the text are fully answered — useful 
to teacher and inquiring student alike. 
Beginning Algebra for College Stu- 
dents provides a refreshing presenta- 
tion for a terminal course, or a solid 
basis for further work in college mathe- 
matics. 1953. Approx. 281 pages. $3.50. 


NEW PUBLICATIONS PRESENT LATEST IN PHYSIOLOGY 


A u iq Tr — 
In Broad Synthesis 


Bradley T. Scheer, University of 
Oregon, gives a thorough, up-to-date, 
and intelligible picture of vital func. 
tions, as condensed as possible, yet 
clearly showing the nature and present 
status of the basic problems in General 
Physiology. He uses a quantitative 
treatment, and retains a consistent point 
of view throughout. 1953. Approx. 614 
pages. Prob. $7.00. 


Chemical Essentials 
For General Students 


Arthur K. Anderson, The Pennsyl- 
vania State College, has brought the 
Fourth Edition of Essentials of Physio- 
logical Chemistry up-to-the-minute. It 
includes new chapters and figures, more 
material, fuller discussions of isotopes 
and vitamins, yet is still meant for the 
undergraduate with limited background 
in chemistry and biology. 1953. Approx. 
450 pages. Prob. $5.00. 


It is with this in mind that Joseph S. 
Fruton and Sofia Simmonds, both of 
Yale University, have weitten General 
Biochemistry, presenting the structure 
of biochemistry from a modern, dynamic 
point of view. 

In this book, fundamentals receive 
major attention, with factual material 
drawn from studies with plants and 
microorganisms as well as animals. 
Emphasis is placed on the central place 
of proteins and enzymes in the chemical 
activity of living matter. Facts are bal- 
anced against hypotheses. This is a book 
written to capture the imagination, not 
merely to challenge the memory. 1953. 
Approx. 920 pages. Prob. $10.00. 


SCIENCE COMES TO LIFE 
Scientific Method Linked 
Teo Day-by-Day Experiences 


Cutting across fields of science, 
integrating instead of treating them 
separately, Richard Wistar of Mills 
College writes a different kind of book 
in Man and His Physical Universe: 
An Integrated Course in Physical Sci- 
ence. 


The interdependence of the sci- 
ences is the unifying thread of the book. 
The author draws on facts from the 
reader's everyday experience in develop- 
ing hypotheses and theories to account 
for physical phenomena. Principles of 
light, for example, are demonstrated in 
one of their common applications — 
photography. The reader is shown how 
scientists actually proceed from observa- 
tion to generalization. Thus he develops 
a greater appreciation for the scientific 
method and the role it plays in his 
everyday life. 1953. Approx. 428 pages. 
Prob. $4.50. 


Any of the books on this page may be obtained on approval by writing directly to the publishers: 
JOHN WILEY & SONS, Inc., 440 Fourth Avenue, New York 16, N. Y. 
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Continuously variable speed. Bodine motor, 4 ball 
bearings, no creep, precision construction, silent, 
reliable operation. 


10-14 days 
714 Market Place 
MADISON 3, WIS. 


PHOTOVOLT Densitometer 


for 


CHROMATOGRAPHY 


A photoelectric precision instrument for 
the rapid and convenient evaluation of 
strips and sheets in filter paper chro- 
matography and paper electrophoresis 


Write for Bulletin N 800 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 
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Publications Received 


Abstracts of Agricultural, Industrial and Economic Re- 
search. Honolulu, Hawaii: Industrial Research Ad- 
visory Council, 1953. 920 pp. $25.00. 

The Ciba Foundation for the Promotion of International 
Co-operation in Medical and Chemical Research. Re- 
port 1952. London: Ciba Foundation, 1952. 43 pp. 

Committee for Economic Development. Annual. Report 
1952. New York: CED, 1952. 48 pp. 

Culture. A Critical Review of Concepts and Definitions. 
Papers of the Peabody Museum, Vol. XLVII, No. 1. 
A. L. Kroeber and Clyde Kluckhohn. Cambridge, 
Mass.: Peabody Museum, 1952. viii+223 pp. $5.25. 


| Department of Fish and Game. State of California. Fish 


Bull. 89. The Commercial Fish Catch of California for 
the Year 1951 with an Evaluation of the Existing 
Anchovy Case Pack Requirements. 68 pp. Illus. 
Fish Bull. 90. Common Marine Bivalves of California. 
John E, Fitch. 102 pp. Illus. Sacramento: State of 
California, 1953. 

Drafting by the Model Method. John B. Musacchia, 
Henri A. Fluchere, and Melvin J. Grainger. New 
York: Arco, 1953. 143 pp. Illus. 

Evaluating Research and Development. Annotated Pro- 
ceedings of a Conference of Research Administrators, 
May 10, 1952. Irving R. Weschler and Paula Brown, 
Eds. Los Angeles: Institute of Industrial Relations, 
University of California, 1953. 104 pp. $1.65. 

Growing Tobacco in Connecticut. Bulletin 564, P. J. 
Anderson: New Haven, Conn.: The Connecticut Agri- 
cultural Experiment Station, 1953. 110 pp. Illus. 


Harvard College Observatory. Technical Report No. 9. 

Bibliography on Meteoritic Dust with Brief Abstracts. 
Dorrit Hoffleit. 45 pp. Technical Report No. 1%. 
A Comparative Analysis of Atmospheric Densities 
from Meteor Decelerations Observed in Massachusetts 
and New Mexico. Harvard Reprint Series II-44. Luigi 
G. Jacchia. 37 pp. Cambridge, Mass.: Harvard College 
Observatory, 1952. 

The Individual and World Society. Pub. 2, Center for 
Research on World Political Institutions. P. E. Cor- 
bett. Princeton, N. J.: Princeton University, 1953. 
59 pp. 

Malaria Terminology. Report of a Drafting Committee 
Appointed by. the World Health Organization. WHO 
Monograph Series 13. Gordon Covell, P. F. Russell and 
N. H. Swellengrebel. Geneva: WHO, 1953. 82 pp. 5s.; 
$1.00; 320 French fr.; 4 Swiss fr. 

Oral Sugar Clearance. Its Influence on Dental Caries Ac- 
tivity. Odontologisk Revy. Vol. 3, Suppl. 1, 1952. Claes 
Lundqvist. Lund, Sweden: Gleerup, 1952. 121 pp. Illus. 
(In English.) 

Pix-o-fix. TV Troublefinding Guide. Alfred A. Ghirardi 
and R. G. Middleton. New York: Rinehart, 1953. Cards 
and dial finder. $1.00. 

Practical Clinical Chemistry: A Guide for Technichians. 
Alma Hiller. Springfield, Ill.:; Thomas; London: Black- 
well, 1953. 266 pp. $6.50. 

Proceedings of the Annual Meeting, Council for High 
Blood Pressure Research, 1952. New York: American 
Heart Association, 1952. 113 pp. Illus. $1.75. 

Pubblicazioni dell’Istituto di Geologia e Mineralogia 
della Universita di Ferrara. Ferrara, Italy: Uni- 
versita di Ferrara. Vol. I, 1950. 139 pp. Vol. II, 1951. 
174 pp. Illus. 
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ENZYMES 


Acetyl Cholinesterose €20,000 U/vial) 
Amylopsin 3 U.S.P. 
Alpha Amylase 
Beta Amylase 
Catalase Crystalline 
Chymotrypsin Crystalline 
Cocarboxylase 
Cozymase (coenzyme I) 65% Pure 
Cozymase (coenzyme I) 90% Pure 
Cytochrome C (amorphous Powder) 
Cytochrome C (liquid) 
Diastase (malt) 
Desoxyribonuclease 1 Cryst. 
Emulsin 
Erepsin 
Ficin 
Glucuronidase 
Hemicellulase 
Hyaluronidase 
Invertase 
Invertase (Analytical grade with Melibiose) 
Invertase (Analytical grade without Melibiose) 
Lipase 
Mycozyme 
Mylase P 
Pancreatin 
Papain Powder 
_ Pectinase 
Penicillinase 
Pepsin 1: 10,000 
Pepsin, 2 x Crystallized 
Phosphatase 
“Protease 
Rennet N. F. 
Ribonuclease, Crystalline 
Soybean Trypsin Inhibitor, 5 x Crystallized 
Triphosphopyridine Nucleotide 
(approx. 65% pure) 
Triphosphopyridine Nucleotide 
(approx. 80% pure) 
Trypsin 1X Cryst. 
Trypsin 2 Cryst. 

Trypsin 2 X Cryst. (salt free) 
Trypsin 4 U.S.P. 
Trypsinogen 1 Cryst. 
Urease Powder 
Uricase Powder 


A READY REFERENCE 
That will Save Time for You 


Use this catalog as a “one stop” source 
of Amino Acids, Vitamins, Carbohydrates, 


Adenylates, Nucleates, Purines, Pyrimi- 
dines, Tetrazolium Salts, Enzymes, Micro- 
biological and Bacteriological Media, 
Complete Animal Test Diets and 


WRITE FOR 
Your copy 
Ingredients for investigational use. TODAY 


GENERAL BIOCHEMICALS, INC. 
60 LABORATORY PARK * CHAGRIN FALLS, OHIO 
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PHILOSOPHICAL 
LIBRARY BOOKS 


1. DEVELOPMENT OF THE CUIDED MISSILE by Kenneth W. 
Gatland. This book presents factually all the main information now 
available on the development of guided weapons in Britain, the 
United States, Germany, the U.S.S.R. and elsewhere, and outlines 
their present and future possibilities. A unique feature is the ap- 
pendix showing the characteristics of all the more important powered 
missiles known to have been designed or constructed—a total of 90. 
Air Chief Marshal Sir Alec Coryton, former Chief Executive 
(Guided Weapons), Ministry of Supply, has contributed a foreword 
to this important book, and it is very fully illustrated. 3.75 
2. INTERNAL BALLISTICS by Colonel F. R. W. Hunt. An exhaus- 
tive treatise on research in that branch of applied physics relating 
to the properties of propellants and the motion of the projectile in 
the gun. 12.00 
3. ‘WARWELL—THE BRITISH ATOMIC ENERCY RESEARCH 
ESTABLISHMENT 1946-1951. Prepared by the Ministry of Supply 
and the Central Office of Information. After giving a brief account 
of the events leading to the formation of the British Atomic Energy 
Research Establishment in 1946, and a review of its organization, 
there is an outline of the main tasks on which Harwell is working. 
These are treated under four heads: (1) the production program; 
(2) isotopes; (3) nuclear reactors, and (4) particle accelerators. 


4. A_HISTORY OF THE THEORIES OF AETHER AND ELEC- 
TRICITY by Sir Edmund Whittaker. Sir Edmund Whittaker, FRS, 
Professor Emeritus of Mathematics in the University of Edinbur ‘h, 
traces the ‘classical’ theories from the early Greeks up to the dis- 
coveries associated with such scientists as Ohm, Faraday, Maxwell 
and Lorentz. Volume One is subtitled The Classical Theories. $8.75 
5. OUT OF MY LATER YEARS by Albert Einstein. The distin- 
guished aa, always an independent and uncompromising 
thinker, deals with the most urgent questions of modern society: 
Social, religious, educational, and racial relationships. Various sec- 
tions deal with personal credos, politics, education, the Jewish issue 
war and peace, the fundamental principles of physics. In severa 
chapters the author explains his theory of relativity in such simple 
terms as to be understood by every intelligent person. The book 
shows Einstein the philosopher, Einstein the scientist, and Einstein 
the man. It is a treasury of living thought and a striking record of 
one of our most eminent contemporaries. $4.75 
6. DEAD CITIES AND FORGOTTEN TRIBES Gordon Cooper. 
In this book Gordon Cooper traces the history vanished peoples, 
their rulers and their fate: he tells too, of some of the least known 
races of the world, like the Lepches of Sikkim and the Jivaros of 
Peru, and the strange people of the Lost Valley in the Loranje 
Mountains in New Guinea, who were discovered by the crew of an 
American plane making an emergency landing during the war. $4. 

7. THE STORY OF WATCHES by T. P. Camerer Cuss. Fellow of 
the British Horological Institute and President of the National 
Association of Goldsmiths, The story of the watch from its origin in 
the portable clocks of the fifteenth century down to the factory-made 
watch of today, tracing its development in all its aspects. _ |.50 
8. WATER by Sir Cyril S. Fox, D.Sc., F.G.S. It is the intention, 
in this volume, to provide the reader with an outline of the Science 
of Water, both in the academic and practical aspects of the subject 
and to include details regarding its characteristics, its occurrence 
and its utilization. Miustrated $8.75 
9. THE NEW PHYSICS: TALKS ON ASPECTS OF SCIENCE by 
Sir C. V. Raman. These talks the world-renowned Indian physi- 
cist, a Nobel Prize winner, open new fields of beauty in the thin 


of nature. 2 $3.7: 
10. REFLECTIONS OF A PHYSICIST by P. W. Brid n. This 
work includes most of the non-technical writings of . Bridg- 
man and the topics include a discussion of the problems created by 
the increasingly important social role science is coming to ney, 


11. A CONCISE HISTORY OF ASTRONOMY by Peter ig, 
F.R.A.S A new volume which provides a comprehensive and concise 
account of the development of Astronomy from earliest times to 4 
resent. 7 

2. DICTIONARY OF SCIENCE AND TECHNOLOGY by Mexia 
Newmark. In English—French—Cerma nish, Three Bilingual 
Dictionaries in One. More than 10,000 current English terms most 
frequently used in the physical sciences and mathematics are given 
each with its French, German, and Spanish equivalents. $6. 

13. POCKET ENCYCLOPEDIA OF ATOMIC ENERGY by Frank 
Gaynor. More than 2,000 entries defining and explaining concepts 
and terms in nuclear physics and atomic energy makes this volume a 
vital handbook for all those concerned with atomic science. 
Illustrations, charts. tables. $7.50 
14. JOHANNES KEPLER: LIFE AND LETTERS Carola Baum- 
ardt. With an introduction by Albert Einstein. This is the first 
iography of the father of modern astronomy to employ the volumi- 
nous correspondence which Kepler conducted with the royalty of 
Europe and the leading scholars and laymen of his time. Illustrations 
include facsimilies of manuscripts by Kepler. PRR: $3.75 

Philosophical Library, Publishers 

! 15 East 40th St., Desk Z, New York 16, N. Y. 1 
| Send books circled: 1 2 3 45 6 7 8 9 10 11 12 i 
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PUBLISHED APRIL 1953 


IMMUNITY, 
HYPERSENSITIVITY 


AND 


SEROLOGY 


By SIDNEY RAFFEL Sc.D., M.D. 
Prof. of Bacteriology, Stanford Univ. 


The purpose of this new book is to describe 
the phenomena of immunity in basic terms, 
especially with regard to native and acquired 
resistance to bacteria, viruses and toxins. 
Logically arranged, it progresses from the 
theoretical and experimental aspects of im- 
munologic reactions to the important con- 
siderations of hypersensitivity, the mechanisms 
of resistance to infectious diseases and those 
specific aspects of serology which are of im- 
portance in the study of immunity. Practical 
applications are stressed. 


APR. 1953. 531 PAGES. 48 ILLUS. $8.00 


PUBL. AUG. 1952 


ZINSSER’S TEXTBOOK 
OF BACTERIOLOGY 


By DAVID T. SMITH, M.D., Duke Univ. 
and NORMAN F. CONANT, Ph.D., Duke Univ. 


10TH EDITION. 1028 PAGES. 420 ILLUS. $11.00 


PUBL. MARCH 1952 


CLINICAL 
PARASITOLOGY 
By DAVID L. BELDING, M.D., Boston Univ. 
2ND EDITION. 1148 PAGES. 974 ILLUS. $12.00 


1953 REPRINT 


MICROBIOLOGY 


By K. C, KELLY, Ph.D., Univ. of Okla. 
and K, E, HITE, Ph.D., Formerly U. of Chicago 


Oct. 1949 EDITION. REPRINTED 1950-52 & 53 
607 PAGES. 184 FIGURES. $5.50 


APPLETON-CENTURY-CROFTS, INC. 
35 W. 32nd St., N. Y. 1, N. Y. 


Meetings & Conferences 


Apr. 15-17. Canadian Institute of Mining and Metallurgy 
(Annual). The Macdonald, Edmonton, Alta. 

Apr. 15-17. International Union of Pure and Applied 
Physics Symposium on Optical Probiems of Vision. 
Madrid. 

Apr. 15-17. National Petroleum Association (Semian- 
nual). Hotel Cleveland, Cleveland, Ohio. 

Apr. 16-18. Association of Southeastern Biologists (An- 
nual). University of North Carolina, Chapel Hill. 

Apr. 16-18. Georgia Junior Academy of Science and 
Annual Science Fair. Oglethorpe University, Atlanta. 

Apr. 16-18. Michigan Academy of Science, Arts and Let- 
ters (Annual). Wayne University, Detroit. 

Apr. 17-18. Central States Speech Association (Annual), 
Hotel Sherman, Chicago. 

Apr. 18-19. American Psychosomatic Society (Annual), 
Chalfonte-Haddon Hall, Atlantic City. 

Apr. 18-24. National Industrial Health Conference. Los 
Angeles. 

Apr. 19-22. American Radium Society. Plaza Hotel, St. 
Louis. 

Apr. 19-23. AMERICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE, Southwestern Division. Tempe, Ariz. 

Apr. 19-24. National Industrial Health Conference. Los 
Angeles. 

Apr. 20-21. Southern Association of Science and Industry 
Conference on Air and Stream Pollution. New Orleans, 

Apr. 20-22. Metal Powder Association (Annual). Hotel 
Cleveland, Cleveland, Ohio. 

Apr. 20-23. American Industrial Hygiene Association. 
Hotel Statler, Los Angeles. 

Apr. 21-23. Society of Automotive Engineers. Hotel 
Statler, New York. 

Apr. 22-26. American Society of Ichthyologists and 
Herpetologists (Annual). American Museum of Nat- 
ural History and New York Zoological Gardens, New 
York. 

Apr. 23-24. Eastern States Health Education Conference, 
New York Academy of Medicine, New York. 

Apr. 23-24. Conference on Basie Odor Research Correla- 
tion, New York Academy of Sciences and American 
Society of Heating and Ventilating Engineers. Bar- 
bizon-Plaza Hotel, New York. 

Apr. 23-24. Production Conference, Pennsylvania Manv- 
facturing Confectioners’ Association (Annual). Lehigh 
University, Bethlehem. 

Apr. 23-25. American Mathematical Society. New York. 

Apr. 23-25. Foreign Language Conference. University of 
Kentucky, Lexington. 

Apr. 23-25. World Medical Association and Pan Amer- 
ican Medical Confederation. Jefferson Hotel and Med- 
ical College of Virginia, Richmond. 

Apr. 24-25. American Mathematical Society. Chicago. 

Apr. 24-25. Arkansas Academy of Science (Annual). 
Clarksville. 

Apr. 24-25. Eastern Psychological Association. Hotel 
Statler, Boston. 

Apr. 24-25. Georgia Academy of Science (Annual). Mer- 
cer University, Macon. 

Apr. 25. Foire Internationale de Liége (Annual). Liége, 
Belgium. 

Apr. 26-29. American Institute of Chemical Engineers. 
Joint Meeting with the Chemical Institute of Canada. 
Toronto. 
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e for reference and classroom use 


ll 
THE EVOLUTION OF CHEMISTRY 


A History of Its Ideas, Methods, 
and Materials 


Epuarp Farser, Ph.D. 


WRITTEN BY an eminent scholar, this up-to-date volume 
tells the story of the origin and history of chemistry. It pro- 
vides a full picture of the concepts and methods of chemis- 
try, integrating its evolution with the onmarch of history 
and, especially, with the growth of other sciences and 
philosophies. 

Based on original studies of source materials, the book 
describes the course of chemical history step-by-step from 
the days of the alchemists to the present period of indus- 
trialization and specialization. Includes biographies of 
foremost chemists and excerpts from their writings, cor- 
respondence, lectures. 30 ills., 349 pp. 


RECORD OF THE ROCKS 


The Geological Story of Eastern 
North America 


Horace G. RicHarps, Academy of 
Natural Sciences, Philadelphia 


THIS SUPERBLY illustrated book gives a clear account of 
the development of the physical world, with emphasis on 
the geological history of the Atlantic Coastal Plain. Sum- 
marizes major principles of physical geology, gives a useful 
classification of plants and animals, and reviews various 
theories on the earth’s origin. 

Thoroughly analyzes and explains each period from the 
Pre-Cambrian to the Recent to show its contributions to the 
rock and fossil formations of eastern North America, with 
especially detailed discussions of the M and C i 
Eras. Incorporates the author’s original research and fresh 
interpretations. 294 ills., 413 pp. 


SCIENCE IN WESTERN CIVILIZATION 
A SYLLABUS 
HENRY GUERLAC, Cornell University 


A SYLLABUS for presenting the history of Western Civili- 
zation, with the development of modern science as the major 
theme. Designed primarily for engineering and science 
students and qualified upperclassmen, it gives the histori- 
cal point of view and a sense of the unity of scientific 
enterprise. Bibliographies. $3 


Physical Geology Laboratory Manual 


Joun B. Lucke and Janet M. AITKEN 
—both of the University of Connecticut 


DESIGNED FOR use throughout the country, this up-to- 
date manual contains exercises, questions, and worksheets, 
and provides basic text materials for laboratory work in 
introductory geology courses. Supplementing rather than 
duplicating textbook material, it stresses procedures. In- 
cludes U. S. Geological Survey brochure on topographical 
map reading. 20 ills., 814 x 11. $3 


THE RONALD PRESS COMPANY 


15 East 26th Street, New York 10 


April 10, 1953 


FARRAND 


ELECTRON MULTIPLIER 


PHOTOMETER 


For PRECISE Measurements 
of Low Light Intensities 


Selective Wide Range of Sensitivity 
Ultraviolet and Visible Regions 


oltage 
Compact, Simple to Operate 


The Farrand Electron Multiplier Photometer is 
widely used in university, industrial and hospital 


laboratories for critical measurements at very low 
li levels. 


A list of users and complete details of design, 
tion and performance may be had by writing 
for Farrand Bulletin #804. 


OPTICS, 
AND 


FARRAND OPTICAL CO., Inc. 


BRONX BLVD. and EAST. 238th ST., NEW YORK 70, N.Y. 


Save analysis time and dollars 
with a JAco Spectrograph 


itative analysis more accurately and faster . . . at lower 
unit cost .. . with JAco Spect: hic Equipment. 

For example, in electronics JAco Spect phs are 
used in detecting concentrations as low as 0.0001% in the 
germanium wu in transistors . . . in steel alloys they 
measure boron content when as little as 0.0006% is present 
... in nutritional studies JAco Spectrographs analyze quan- 
titatively and qualitatively for trace elements of cobalt, 
boron, copper, iron, etc. m concentrations are as low 
roblem JAco S; 

you have a ysis p co Spectro- 
fraphic Equipment can help you solve? Write or wire 
pt. S for complete information today. 


JARRELL-ASH COMPANY 


165 NEWBURY STREET - BOSTON 16, MASS. 


DETROIT EL CERRITO, CAL CHATTANOOGA QUEENS VILL, N. Y. 
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PERSONNEL PLACEMENT 


your ad here reaches over 32,000 foremost gatontiets 
the leading educational institutions, industrial 
and foundations in =. U. S. 
and 76 foreign countries — at a very cost 
a 18¢ aed ward, minimum charge $3. hy Use of 
Box Number counts 10 additional words, 


DISPLAY: Rates listed roan ares charge for Box Number. 
invoices account 


will be sent on a ci basis 
4 satisfactory credit is estab 
Single i $19.50 per inch 
7 times in year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


||_ POSITIONS WANTED 


Bacteriologist—Virologist; Ph.D.; five years, research associate, 
pharmaceutical company ; age 32. For further information, please 
write Science Division, M cal Bureau (Burneice Larson, Direc- 
tor) Palmolive Building, Chicago. x 


Biochemist, Ph.D., research experience microbial metabolism and 

enzymology. Strong background Organic Chemistry and Genetics. 
wo years teaching, publications, languages. Available immediately. 

Desires in industrial or academic research. Box 


SCIE 


4/10; 4/17 


Botanist, 29, Ph.D. from large midwestern university, M.S. large 
eastern university, desires teaching or research position in tax- 
onomy or ecoiogy. Box 63, SCIENCE 4/10 


Biochemist for long range research project at leading medical 
school, East. September 1 or soon thereafter. Research concerns 
plasma proteins. Excellent laboratory facilities. Opportunity to at- 
and lectures. Send complete data to: Box 


Pharmacy—Ph.D. to teach dispensing and some graduate Wi 
Eastern School. Box 64, SCIENCE. 4/17, 24 - 5/1, 


(1) Pharmaceutical Chemists; Ph.D., M.S. or B.S. ——a 
chemicals manufacturer, East. (2) Radiochemist to direct Isotope 
Laboratory; experienced preparation and distribution of tagged 
compounds; interested in synthesis of new isotopic products; 
Pacific Coast. (3) Ph.D. in Pharmacology, Physiology or Bio- 
chemistry ; academic a’ rr, teaching and research; Midwest. 
iw Young Woman, 2. n Physics; aculty post, South. (5) 
natomist, qualified Assistant Professorship; 
Midwest. (6) Professor of Pharmaceutical Chemistry; to teach 
Quantitative (Drug) Analysis, Biochemistry and direct research 
—— minimum $6000; East. Please write Scientific Personnel 
ervice, 122 South Michigan Ave., Chicago. x 


(a) Physician, or Ph.D. trained in vascular-renal physiology; re- 
search appointment, university medical school; idwest. (b) 
Physiologist; important position, research and development divi- 
sion, large pharmaceutical company; duties consist of serving in 
advisory capacity to director of research, entire research group. 
(c) Medical Editor and Ne gt to supervise product literature; 
administrative ability and experience in medical or nutritional 
writing required ; $000-47000, (d) Biochemist to take charge of 
department, staff of 18 0-bed hospital, teaching affiliations; 
opportunity faculty KK... $6000; Midwest. (e) Psycholo- 
gist; supervise newly created department, 400-bed teaching hospi- 
tal, university center, South. (f) Biochemist; research in food 
field; preferably oe enzyme techniques; Chicago. S4-2 
Science Division, edical Bureau (Burneice Larson, me 
Palmolive Building, Chicago. 


(1) Botanist; Ph.D.; (Minor: Zoology, Chemistry) experienced 
botanical research, teaching, writing and editing, articularly in 
ecology, plant geography and taxonomy. (2) Ph.D. in Zoology 
(3) ScD. ke esires teaching, museum work or field researc 

(3) S$ conomics, Statistics; qualified agricultural and chemi- 
cal economics, market analysis, (ay ne and editing in fields of 
chemistry, food and nutrition. Food bacteriologist; Ph.D. ; 
experienced all phases microbiology desires industria research or 
academic appointment with teaching and research. Please write 
Scientific Personnel Service, 122 South Michigan Ave., Chicago. X 


Ph.D. Research experience, publications. De- 
sires ets a research position. Major research interests are 
physiology of fungi and algae. Box 67, SCIENCE. 4/17 


Chemist, Ph.D., industrial research director, college teaching ex- 
perience, desires responsible position in New England college or 
university. Box 71, SCIENC ck 4/17 


Graduate Assistantships available for September, 1953. Load 12 

hours or 6 hours per week. Remainder of time available for grad- 

uate work leading to Master’s degree. Stipend $1100 or $550. 

Chemistry Department, Howard University, Washington 1, CM 
4 


INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE 

Applications are invited for the post of Mahendralal Sircar Professor of 
Physics for the Indian Association for the Cultivation of Science in the grade 
RS 800-40-1000-50-1250 plus usual dearness allowance. The appointment 
will be subject to the regulations and by-laws of the Association. Applicants 
should be Physicists with established reputation as research worker in 
their subjects and should have given evidence of ability to organize research 
and guide research scholars. Seven copies of application with detailed state- 
ment of qualifications and research experience along with copies of original 
publications should reach the Registrar of the Association, Jadavpur, Cal- 
cutta, 32, on or before the 15th May, 1953. For detailed information en- 
quiries may be made of the Registrar. 


M.S. Desires academic or commercial 
position hirteen years varied experience in bacteriology, para- 
Sutemology, clinical pathology, cervical cytology. Box 

x 


Ph.D. Ornithology; age 37, 3 children. Employed but desires 
change. Experience in Museum work, field research, wildlife man- 
agement, teaching, public relations. Box 70, NCE. 

4/17; 24 - 5/1 


Research Position: Ph.D., veteran, married, Dair Technology : 
strong background in Biochemistry, Bacteriology, utrition, var- 
research experience. Publications, Phi Beta Kappa, 

Sigma Xi, Seeks position in dairy or food technology, biochemistry 


of or related field. Availal le 


Zoologist—M.S. vertebrate zoology, Ph.D, invertebrate zoology— 
desires teaching and secon position. Six years teaching ex- 
perience. Box 66, SCIENCE. x 


number of satisfied advertisers using small-space o—_ larly in 
practically every issue of SCIENCE—proof thot XR, small ads get 
results! If you have a product or service of interest to scientists, 
= not e advantage of this low-cost means of increasing your 
profits ! 
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—The MARKET PLAGE 


+ SERVICES . SUPPLIES . EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no for Box Number. 
Be on 8 account basis 
—providing satisfactory credit is estab! 


7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 4 12.50 per inch 


For PROOFS on display com, must reach SCIENCE 4 
- tiday of every week). 


Your sets and files of scientific journals 


jon of periodical files “il sell 
wi to 

at high market prices. Write Dept. A3S, is. CAN INC. 

Boston 
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+ SERVICES . SUPPLIES . EQUIPMENT 


the MARKET PLACE 


SUPPLIES AND EQUIPMENT 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and runs—Single titles 
iso, please send us your want lists. 
STECHERT - HAFNER, 
31 East 10th St., New York 


WANTED TO PURCHASE . . Sets and runs, foreign 


dd tic. Enti 


WALTER j. JOHNSON @ 125 East 23rd St.. New York 10, N. Y. 


PROFESSIONAL SERVICES 


| LABORATORY SERVICES 


Project research and consultation in 
Biochemistry, Chemistry, Bacteriology 
and Entomology 


> 
WISCONSIN 


ALUMNI 


Vitamin assays including biological assays for 
vitamins A, Do, Ds, E and ¢ Amino acid 
assays and biological protein evaluations 


Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059 e MADISON 1, WISCONSIN 


FOOD RESEARCH 
LABORATORIES, INC. 
Founded 1922 


y 
Biological, Nutritional, Toxicologice! Studies 
for the Food, Drvg and Allied industries 


48-14 33rd Street, Long Island City 1, N.Y. 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC — 


your book. All subjects considered. New authors welcome 
VANTAGE PRESS, Inc. © 120 W. 31 St., New York 1. 
Hollywood 28 


In Calif.: 6356 Hollywood Bivd. 


. Food Ingredient & New Drug Studies 
TOXICOLOGICAL STUDIES 


LaWall Harrisson 


Bacteriologists __ Div. S, 1921 Walnut St., Philadelphia 3, Pa. 
Chemists Pharmacologists . 


CONSULTATION - RESEARCH 


SUPPtaES AND EQuIPMeENr jill 


* HYPOPHYSECTOMIZED RATS 


HORMONE ASSAY LABORATORIES, Ine, @ 


Spasiding Ave. 


April 10, 1953 


TACONIC FARMS 


Germantown, N. Y. 
Phone 187 F 2 


Swiss Mice 
@ Webster Strain 


4 


Self-Adhesive Labels 


| 993 | 994 | 995 | 996 | 997 } 


Geter 
Numbered 


For numbering Samples Consecutively. 
peedy—Error-Proof. 


Easy to Use—S 
Set 1 $6.50 
5 Sets — “Pp Samples LS on Request 
R. P. Cargille Laboratories, Inc. 
117 Liberty St. New York 6, N. Y. 
PIERCE 
NINHYDRIN CHEMICAL CO. 
. O. Bow 117 
L-GLUTAMINE Rockford, mu. 
MICRO-VISOR 


" Green Glass Slide with 3750 N be 
find same field again or $i 000 for - ~h. ~, 


From: 


ERIC SOBOTKA CO. i 


102 West 42nd 
New York 36, 


Rare Sugars, Biochemical 
Pharmaceuticals in Wee: or phone PLaza 
7-8171 for complete price list. 

| BIOS LABORATORIES, INC. 


Cc. P. AMINO ACIDS 
and 


immediate 
CHEMICAL CO. LTD. 
Santa Monica, Calif. 
(PAF) 


RATS 


Bred for Research Work by Research Workers 
PACIFIC ANIMAL FARMS 


1651 - 18th 


2457 Fletcher Dr., Los Angeles 39, Calif. 


RESEARCH 
| 

a4 Bernard L. Oser, Ph.D., Director 

les to 

| 

SINCEJ870 
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| 
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BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


SUPPLIES AND EQUIPMENT 


AVOID DELAY ... . Cash in Advance payment 
Must be enclosed with ALL classified ads. 
See “Charges and Requirements” 
@ COMMON 


S TA I N ~ Price list on Request 
STARKMAN Biological Laboratory © 
PRINTED SCIENTIFIC LABELS “© 


@ RARE 


Also: Bird, 

Average price: $2.75 a thousand. Queries welcome 
your needs. 

BisHoP Schenectady 8. N. 


Cargile SAMPOULES 


For sealing Samples in Ampoules 
Flint glass containers—8 mi. capacity—with con- 
stricted necks for hermetically sealing against atmospheric 


influences . . . and for samples that are volatile or 


corrosive. 
Write for Free Sample NS 
R. P. Cargille Laboratories, Inc. 


BIND "EM eee 
and you'll 
find them! 


Keep your copies of SCIENCE always available for quick, 
easy reference in this attractive, practical binder. Simply 
snap the magazine in or out in a few seconds—no punch- 
ing or mutilating. It opens FLAT—for easy reference and 
readability. Sturdily constructed—holds 26 issues. 


This beautiful maroon buckram binder stamped in gold 
leaf will make a fine addition to your library. Only $2.75 
postpaid (personal check or Money Order please). Name, 
70¢ extra—year of issue, 40¢ extra. ORDER YOURS NOW! 


SCIENCE @ 1515 Mass. Ave., N.W., Washington 5, D.C. 


117 Liberty Street New York 6, N. Y. 


Vv 


MAIL 


>>> >> > > 


for the of 


during the 101 years of its existence, 
has grown steadily in membership, 
activities, and influence. 


In the interests of science we invite you to assist its further expansion by nominating for 
membership a friend or colleague who does not now belong to the ranks of the AAAS. 


N O W 


To: AAAS, 1515 Massachusetts Ave., N.W., Washington 5, D. C. 
| nominate the following person for A.A.A.S. membership: 
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nsect abels: ic, ecolog Order, mily, 
collector, collection. 
Botanical labels: for herbarium sheets, with or without 
order and family names. 
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Chicago, New York, Washington, Houston, Paris 


Tracerlab’s SU-8 Pocket Dosimeter 
(0-100 mr) is a highly accurate, self- 
reading, cumulative-type dosimeter. It 
need not be discharged to be read, and 
the wearer may determine exposure at 
any time simply by looking into the 
instrument. A simple charging device 
returns the scale fiber indicator to zero. 
The SU-8 is less than 30% energy de- 
pendent between 70 KV and 1 MEV; 
has an accuracy of +5% full scale. Elec- 
trical leakage of the SU-8 is less than 
2 mr/day; linearity is 10% on a voltage 
basis. A magnetically operated charging 
contact, sealed in the assembly, is spring 
loaded to prevent accidental discharge. 
This outstanding instrument was de- 
signed in accordance with Argonne 
National Laboratory specifications. 


Price. . . . f.0.b. Boston, $47.50 


racerlab®.. 


130 HIGH ST., BOSTON 


2295 SAN PABLO AVE. BERKELEY 


Los Angeles 


NOW 

4 
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Exclusive combination 
1 Li uler tube 


for photography 


Now helping to chart new frontiers in all fields of 
scientific research, the Leitz Ortholux is universally 
recognized as the ultimate in research microscopes. 
In addition to outstanding precision and quality, it 
gives you all the features needed for easier, 
less tiring microscopic observation. To make 
the Ortholux even muwre useful, Leitz now 


offers a combination monocular-binocular tube 
which enables you to photograph the microscope 
image without changing tubes. You change instantly 
from microscopic observation to photomicrography. 


All yours in one outstanding instrument— 


Built-in illumination system for 
transmitted or incident light | 


Berek double-diaphragm condenser 


Large, square built-in mechanical! stage 
with low set drive 


Low set micrometer fine adjustment 
on double ball bearings 


\ 
| 
Counter-balanced coarse focusing | 
| 
| 


Another of the famous Leitz Microscopes. . . recognized 
” everywhere as the finest microscopes produced anywhere since 1849, 


For further information write Dept. 104SC. 


E. LEITZ, Inc., 468 Fourth Ave., New York 16, N. Y. 


LEITZ MICROSCOPES © SCIENTIFIC INSTRUMENTS #* BINOCULARS 
LEICA CAMERAS AND ACCESSORIES 


— 
~ 
/\ 
7 
ie 
the 3 dmong research microscopes 
“\ 
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